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ABSTRACT

A methodology called Noise Exposure Forecasts
(NET) i8 developed for describing alrcraft noise ex~
posure in the vicinity of the takeoff and approach
flight paths of an airport. In support of this method-
ology an improved measure of the subjective response
to aireraft flyover noise called Effective Perceived
Nolse Level (EPNL) has been derived. This measure
ineludes corrections for pure tone components and
duration, Other elements necessary for the calcula-
tion of NEF are number of exposures and time of day,
NEPF contours are translated into guidelines for com-
patible land use.
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1.0 INTRODUCTION

This report presents a method for describing quantitatively the aireraft noise in
areas near alreraft takeoff and approach flight paths., This method is based on:

. the subjective level of alreraft flyover nolse,
. the number of flyovers per unit of time, and
. the time of day of the flyovers.
This method can be uged:
. by airport community planners for defining those areas
where efforts ghould be concentrated to mitigate the

noise problem,

. for determining the relative merits of possible engine/
alreraft changes to reduce aircraft noige, and

. a8 a part of an aircraft/airport/community design pro-
cedure to limit noise exposures to specified values.

Several studies have been made (References 1, 2, 8, 4, 7, 9 to:

. determine the aircraft nolse exposure of areas nsar
takeoff and approach flight paths,

. relate this information to community reaction, and
then

. use the results for community planning purposes.

Since these earlier studies were made there has been a considerable advance in the
state of the art in establishing subjective noise levels on the ground under aircraft
flight paths. This report presents the state of the art as of the Spring of 1967,

The calculation of nolse exposure under these flight paths involves the use of
weighting factors for number of flighte and time of day. No new information is
being presented regarding these weighting factors. Therefore the weighting factors
previously used in the U,S. are used in this report.

A name, "Noise Exposure Forecast" (NET), was colned by the FAA for a new
noise exposure index. This report presents a procedure for ealeulating NEF's on
the basis of:




. the takeoff and approach noise produced by each aircraft
at itg particular gross weight, using current operating
procedures,

. the summation of the noise exposure contributions of a
mix of many differant types of aircraft and gross weights,
and

. weighting for daytime or nighttime operations,

The procedures described in this report were designed for computer utilization,
However, it is practleal to make simple calculations of NEF's or to make calcula-
tions of NEF changes for simple changes in the system without the use of a com-
puter.

The method used for airerait noise avaluation in the NEF concept invelves the
effective perceived noige level (EPNL) in units of EPNdB. The EPNL scale is be-
lieved to rate aircraflt noise quantitatively better than any other scale presently in
usge for this purpose. It is baged on the PNL scale which was based on subjective
reaction tests using broad hand noise under steady state conditions. The EPNL
scala also includes corrections for discrete frequencies {n the spectrum, plus cor-
rections for the duration of the noise when it is within 10 PNdB of the peak PNL
during a given exposure, Methods used [n the past for this purpose had been based
only on the peak or composite PNL of the [lyover noise cycle.

The method of ealeulating EPNL s not considered to be [inalized at this date.
It is helieved to be a better scale for use in relating complete aircraft flyover
noise cycles to each other than peak PNL. However, in order to get this work
underway at this time it was necessary to make tentative assumptions regarding
procedures, These procedures may require change when additional research has
been completed. The evolution of the nomenclature is indicative of the state of the
art, Percelved noise level in PNdB units was intended to define nolse as "per=~
ceived" by the human system as compared with the phyesical air pressure fluctua-
tions measured in declbels. When It became obvious that discrete frequency con-
tent and duration were important, the modifier "effective' was added. This nomen-
clature is redundant and poses questions as to the proper designation to be applied
to future revisions which are now being contemplated. Although the term "effective
perceived noise level" has been used widely during the past year, there is need for
standardization ih nomenclature.

The fluid condition of the PNL scale is pointed out in the introduction of this re-
port to assist those who mny wish to relate dala in earlier or later veports. This
report contains techniques which may be used to obtain an approximate conversion
from peak PNL, which has been used in the past, to the newly-developed EPNL.

e




The above remarks about the fluidity of the scales used for measuring noise
levels or noise exposures are not intended to be disparaging of the good work
which has been and is keing done in this area. Nor azre they Intended to dis-
courage the use of these seales in present community planning studies. Either
the earlier or current scales are valid for Identifying areas of relatively high
noise levels. They refer to the quantitative accuracy of the welghting factors.
Therefore the absolute values of the noise levels and noise exposures may change
from year to year as we obtain more detailed Information on these weighting fac-
tors,

Finally, tha NEF contours determined in this investigation are related to pre-
viously determined zones of compatible land use (Reference 1} to provide guide-
lines to he used by these responsible for planning land ulilizaiion and management.

2.0 CONTOURS OF RQUAL EFFECTIVE PERCEIVED NOISE LEVEL

This section describes the data from which contours of equal noise exposure can
be determined for any single takeoff or landing operstion of most commercial jet
trangports. Specific contours and a detailed discussion of their development are
presented in 4 series of Appendices, Several sets of contours are supplied for
four, three and two engine jet transports, Estimates of the noise exposure levels
of most current and near future jet transport aireraft can be predicted with these
contours. While detailed data are not available for all alreraft types the system is
get up go that new information can be incorporated when it hanomes available,

The development of meaningful contours of equal noise exposure requires the
gelection of & measure which best rates the noise disturbance and then a determina-
tion of the contours from the noise and flight characteristics of the zirplane. As
discussed in this section, the effective perceived noise level is considered to be
the best available measure for this purpose at the present lime.

2.1 Effective Percelved Noise Level - Aircraft noise levels in this document
are expressed In terms of effective percelved noige level (EPNL) because this
method is considered currently to produce the best prediction of subjective re-
sponse to aireraft flyover noise, Definitions and procedures for the caleulation
of EPNL are deseribed in detail in Appendix A. Brisfly, the flyover noise history
is analyzed in 0.5 second increments. One-third octave band sound pressure levels
are obtalned, and instantaneous perceived noise levels (PNL) are galculated for the
spectrum at each of the 0.5 second sampling Intervals. Pure tone corrections are
determined from the one-third octave band data, and these corrections are added
to each PNI, to obtain tone corrected PNL. Based on the tone corrected PNL
history, a duration is determined and a duration correction is calculated. The
effectlve perceived noise level is the algebraic sum of the maximum tone corrected
PNL and the duration correction.




It should be noted that, in the absence of supporting subjective test data, the
selection of the method described for adding tone and duration corrections to per-
calved noise level is quite arbitrary. At such time as validated methods become
available, the ecaleulations used to determine EPNL should be updated,

The contract requirement to include tone and duration corrections was regarded
as & mandate not only to use available correction data, but to use it in its most
technically advanced form. Thus, the calculation procedure used herein reflects
the consensus of many aircraft noise rating apecialists in this country. It should
be noted that even in its present form, the EPNL calculation procedure is not com-~
pletely satisfactory. Further discusaion of this point is given in Section 5.0, How~
ever, the EPNL concept 18 regarded as superior to the PNL concept for afrerait
noise rating.

Examination of the FPNL ealculation procedure indicates that thers is no simple
relationship between PNL and EPNL, Figure 3B shows dilferences between EPNL
and PNL for specified conditions,

2.2 Aircraft Noige Characteristies - The EPNL of an aircrait at any given
distance from the flight path is dependent on the number and type of engines and en
the thrust level of those engines. Appendix B presents curves of EPNL with or
without ground attenuation as a function of slant distance for a reference four en-
gine jet transport and a reference two engine jet transport. For the four engine
jet transport the reference engine s the JT3D~3B turbofan engine [n a short fan
diacharge duct installation, For the two engine jet transport the reference engine
is the JT8D~1 turbofan englhe. In each case one curve 18 provided for takeofi
thrust and one for landing thrust. Reference curves for a three engine jet trans-
port can he cbtained by adding 2 EPNdB to the reference curves for the two engine
jet transport,

These reference curves were based on a number of magnetie tape recordings
obtained from actual flyover operations. Ground to ground atienuation rates were
based on methodology deseribed inRefarence 5. The method of developing these ref~
erence curves is described in Appendix B. Extensive data are not available at this
time on the duration and tone corrections for other engine types. However, based
on the limited data gvailable, the differences in EPNL between the reference en~
gines and other engines in use on most jet transports appear to be minor,

2.3 Airceraft Performance - In developing the takeoff and landing performance
data for jet transport aircraft, every attempt has been made to provide data which
are simple to use without compromising the general accuracy of the NEI proce-
dure. Aircraft operating procedures vary with airline policy, pilot technique and
environmental conditions. Consequently, the data presented are lor typical oper-
ating procedures.
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Appendix C presents takeoff and landing performance data for four engine, three
engine and two engine jet transport alreraft. These data are combined with the
noise characteristic data contained in Appendix B to develop nolse contours.

TAKEQFF PROTILES

Appendix C contains a set of five takeoff profiles for jet transport aircraft
(Figure 1GQ). These {lve profiles represent the range of profiles for all current jet
alreraft types. Variatlons in thrust and aerodynamics in different airoraft types
result in different climb capabilities for different gross welghts. Figures 2C, 3C
and 4C provide data for selection of the proper profile for any gross weight and
aircraft type.

APPROACH

Approach performance deta must include the approach profile and the approach
thrust to permit the development of noise contours. An approach profile for a
three degree glide slope is contained in Figure 5C.

2.4 Grid S8ystem and Contours of Effective Perceived Noise Level - Effective
percelved nolse level (EPNL) reference data are provided in Appendix D for two,
three, and four engine jet aireraft for each reference flight profile described in
paragraph 2. 3. These data are required for the calculation of NEF contours as
described In Section 3 of this report, These reference data in the form of EPNL
values at locations on a quarter mile grid system and EPNL contours were cal~
culated from the aircraft nolse and performance characteristics intredeced in
paragraphs 2. 2 and 2, 3 and described In Appendices B and C respectively.

This was done for each flight proffle;: A, B, C, D, E and Approach for the four
engine jet aireraft; A, B, C, D and Approach for three engine jet aircraift; and
A, B, C and Approach for two engine jet aircraft. The procedure for developing
grid values and contours for the flight profile for each aircrait type is as follows:

(1) For each grid point detarmine the minimum distance or mini-
mum slant range and elevatlon angle ( B), between the grid
point and the alreraft flight path.

(2) Determine the EPNL at that grid point for that minimum
distance for the appropriate aireraft and thrust level from
the curves in Appendix B. Whers appropriate the grid
EPNL values are adjusted to account for ground to ground
attenuation and the effect of engine shielding by the aireraft
fuselage. The following ground attenuation weighting func-
tion has been chosen arbitrarily to allow a smooth transi-
tion between locntions with and without ground sttenuation
benefits: Ground to ground attenuation at a given slant
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distance and angle of elevation (), equalg the ground to
ground attenuation at that distance and a 0" angle of eleva~

tion times the factor e ¥ tan 3 p . Thus, ground to ground
attenuation decreases as f increases, and whenp is 15° or
greater no ground attenuation benefits are included. The
effect of the engines being shielded from an ohaserver by the
fuselage has been Included arbitrarily by the following re-
lationship which provides the decrease in nolse level due to
shielding: Reduction In EPNL = 3 (1 -V'sinf). Thus, when
the angle of elevation is 0, it is agsumed ihat the fuselage is
shlelding one-half of the engines from the chserver

{-3 EPNdB). The effects of both ground to ground attenhuation
and fuselage shlelding are included where approprinte, and
EPNL grid values and contours are provided in Appendix D.

(3) Plot contours of equal EPNL by interpolating between EPNL
values at the grid points.

All turbojet and turbofan aireraft in current use by airlines and which make a
significant contribution to the noise exposure around an alrport are represented
by the reference datn. The purpose of these data s not to determine the EPNL
at ¢ given point for a specific operation of a specific airecraft. More precise en-
gingsering data for each Individual alreraft would be required for that purpose.
However, in terms of providing datn which represent the aversge levels resulting
from a variety of operations of different afreraft types the accuracy of thege con-
tours should be on the order of the difference between two adjacent contour sets
which Is about + EPNdB.

In evaluating noise exposure forecasts for future time periods, additional air-
craft types such as jumbo jet and SST must be ineluded in traffic estimates.
Jumbo jets are expected to generate EPNL's lower than current aircraft having
the same number of engines. In the absence of EPNL data for these future air-
craft, reference contours for the current aircraft may be used in this procedure
for jumbo jet alreraft. Any error resulting from this procedure will be small
aince the number of jumbo jets will represent a minority of total air transport
traffic within the next decade. By the time that the jumbo Jets represent a signl-
fleant portion of the alr transport fleet, the noise characteristies of these aireraft
will have been well documented and EPNL data can be obtained to allow the deter-
mination of more accurate NEF's. The number of U.S. S5T alrcraft in the next
decade will represent n very small minority of the total traffic. Also, measure-
ments of actual aireraft flyovers will be required to accurately document the noise
characteristics of this unique aireraft type. Therefore, this aircraift will not be

included in NET estimates at this time.
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Although foreign 88T aireraft are scheduled to be included In airline fleets, the
lack of nolse and performance data on these aircraft precludes their consideration
in current NEF eatimates.

2.5 Selection of Approprinte Effective Perceived Noigse Level Contours -
The information in Appendices C and D is sufficlent to permit the selection of the
appropriate nolge contours or grid values for any operation of eurrent jet alreraft
provided gross takeoff weight information is available., When weight information
is not available reasonably accurate EPNL contours may be obtained uaing the
operating ranges of the different alrcraft at any airport. Appendix E describes
this method of approximation,

3.0 DEVELOPMENT OF CONTOURS OF
EQUAL NOISE EXPOSURE FORECAST

In Sectlon 2 aireraft noise characteristics and ajrcraft performance were com-
bined to obtain conteurs of equal EPNL for any given takeoff or landing operation
of current jet tranaport alrcraft. The purpose of this section is to provide techni~
ques for combining the EPNL's from different operations with airport traffic data
to obtain the NEF's for any combination of operations at any given alrport. As
NEF's are intended to represent the cumulative nolfe exposure in areas surround-
ing an airport, the cumulative effect of multiple operations ns well as the time
period in which the operations occur must be considered, Thug, In order to de-
velop NEF's, information must be obtained on traffic at the airport of interest in
adequate detail to allow: (1) the identification of flight operationa by the proper
aircraft-engine flight profile category (reference Section 2); (2) the separation of
daytime and nighttime operations; nond (3) the number of flight operations for each
runway.

3.1 Effeet of Number of Flight Movements - Social surveys and subjective tests
in a2 number of countries Indicate that there is a relationship between the number of
aircraft heard and the annoyance expressed by the listeners. Efforts to establish
a numerical value for this relationship have resulted in a variety of answers.

Some of these atudles are discussed in Appendix H. Availnble data are far from
conclusive and additional tests and surveys should be conducted to provide more
reliable information.

Faor the purpose of this study, a factor of 10 log M is used, where M equals the
number of flight movements for a given time period. This agsumes that doubling
the humber of fllght movements is equivalent to an increase of three EPNAB in the
noise exposure. The selection of this factor is somewhat arbitrary and is subject
to change as the results of additionan] research hecome avallable.

3.2 Runway Utllization ~ Total jet movements for an airport, on an annual
basis are divided by 365 to obtaln average dally movements., The daily average
for each individual runway is determined by multiplying the average daily move~
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ments by annual percentage runway utilization. It has been assumed that the dis-
tribution of alreraft types and takeoff gross weights (or stage lengths) is the same
for all runways at a given airport. The use of average daily figurea involves the
questionable assumption that the noise exposure in a given area would he the same
whether the percentage of flights operating there oeccurred in one concentrated
period of a few days with no flights during the rest of the year or If that same
volume of traffic were evenly spread throughout the year,

3.3 Effect of Time of Day - Studies have indicated that community tolerances
for noise appears to be lower at night than during the day. The definition of day and
night hours varies n great deal from one study to another as indicated In Appendix I.
Here agaln an arbitrary decision had to be made for the purpose of this study.
Nighttime operations are considered to be those which oceur hetween the hours of
10 P.M. and 7 A. M. (2200 to 0700). A number of studies have indicated general
differences for tolerance of about ten decibels in ambient eommunity nolse levela
between day and night. A figure of 10 EPNAB has been used in this report as a
correction fnctor to represent the apparent increase in annoyance resulting from
{light operations at night,

3.4 Caleulation of Contours of Fqual Noise Exposure Forecast - As described
in Section 2,4 sets of reference contours of equal EPNL have been developed for
appropriate reference flight profiles for each current jet aireraft type. EPNL
values have also been calculated for the reference profiles for locations on a 1/4
mile X 1/4 mile grid which extends 4 miles to either side of the flight path and ap-
proximately 18 miles along the projection of the flight path., These reference con-
tours and tabulations of EPNL are presented in Appendix D.

To calculate NEF contours from the reference EPNL data, adequate aireraft
movement data must be obtained. The number of ajreraft movements in each cat-
egory in an average day must be further divided into nighttime and daytime move-
ments (reference Section 3.3). A suggested data tabulation form [s shown in
Table 1. The distribution of aircraft movements into proper EPNL contour cate-
gories is based on the distribution of flights for each runway end.

An NET contour is developed by the following procedure which is also the bagis
for the computer program described in Appendix F,

1. The EPNL value at each grid point for each reference
EPNIL contour set is corrected for the total number of
flights by adding the total correction factor (see Table 1).

2. The corrected EPNL values at each grid point for each
EPNL contour set are then combined by summing loga-
rithmlically.
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TABLE .1 Data Shest for Tabulating the Number of
Alrcraft Movements Associated with each
Reference Contour

AIRPORT
RUNWAY END: TAKEOFF
APPROACH
(1) (2) 3 (4 (5 (6) (N
Reference Number of Correction
Contouyr Tlights (M) IFactor (db) Total Correction-Logarithmic
Alrcraft Flight Daytime Nighttime Daytime Nighttime Sum of Columns
Type Profile 0700-2200 2200-0700 10log M 10+ 10 log M (5) and (§)
4 Engine A
B
C
D
E
Approach
3 Engine A
B
C
D
Approach
2 Englne A
B
C
Approach




3. The factor 100 is then subtracted from each of the
resulting grid values obtalned from step 2. This
value was arbitrarily chosen so that the NET values
obtained would not be confused with any other in-
dices which have been used in previous studies for
vating the disturbance of aireraft flyover noise,

4, Equal NEF contours can then be plotted from Inter-
polations of the values at each grid point.

5. NET contours for the entire airport are obtained by
combining the contours for the individual runways on
a scaled map. Where contours overlap, the NEF
values are summed logarithmically.

An example of an NEF contour calculation is presented in Appendix G.

In view of the vast number of calculations required to delineate NEF's, the
desirability of using a computer program is obvious. A computer program that can
be used to perform all the required calculations is deseribed in Appendix F.

3.5 Modifications for Flight Paths with Turns - Arrivals at and departures
from a runway may not be straight in or straight out due to terrzin, noise abate-
ment procedures, or routing of aireraft. Thus, flight procedures and traffic
patterns often involve turns. The influence of aireraft turns can be accounted for
in an NEF determination by first making the determination for all aircraft which
do not turn. Then, for runways which involve turns for a portion of, or for all
operations, a geparate NEF determination is made and the NEF's with and without
turne are combined &8s in step 5 of Section 3.4,

Actually, a separate determination should be made for each individual curved
path, However, if many different curved paths are involved expediency may re-
quire considering only several categories of turna, If turns were initiated for all
aircraft at n given distance from brake release, the caleculation would he fairly
gimple since all aireraft would follow approximately the same curved path, When
turns are initiated at a given altitude, each flight profile results In a horizontal
projection (ground track) that follows a different curved path, Considering the five
generalized flight profiles of Appendix C, there will be five corresponding curved
ground tracks.

In reality, with a milx of alrcraft types, the area covered by a specified turn
procedure would be a sweeping sector bounded by the paths of the lightest and
heaviest aircraft involved. An NET contour for each curved flight path is calcu-
lated using the procedure described in Section 8.4 by first assuming that the flight
path is straight. If the contour for a curved ground track is plotted, it will re-
semble the example shown in Figure 1.
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Observers on the Inside of the enrved ground track will hear the aireraft noise
for a longer time and observers on the outside of the curved ground track will hear
the nolse for a shorter time. However, the effect on EPNL resulting from changes
of time duration will in general be small and are neglected in this report.

4.0 LAND USE PLANNING

The Neise Exposure Forecast (NET) contours described in Section 3. 0 have been
developed for use in delineating aiveraft noise exposure levels in areas near alr-
ports. This delineation of aireraft noise exposure levels ls for the purpose of air-
craft/airport/community planning. The relationship between engine/aircraft char-
acteristics and NEF contours has been presented in the previous sections. This
section will deal with the relationship between NET contours and guidelines for
compatible land nse.

This contractor has not made studies of compatible land use as a function of
alreraft noise exposure. Information contained in this report on this subject has
been obtnined from a review of work done by others (Reference 6, 7). The purpose
of incorporating this materinl in this report is to permit the contractor to explain
certaln procedures and precautions which are needed to relate compatible land
uses as described in other studies to NEF contours developed by technigues de-
gseribed in this report.

4.1 The concept of composite noise rating {CNR) was developed several yenrs
ago based on information relating community response to perceived noise level
(PNL) and the number of exposures (1). The CNR unit is by definition equal to PNL,
plus correction factors for the number of exposures, time of doy and duration of
ground run up operations. This unit was then related to land use categories as

~ghown in Tables 2 and 3, NEF, developed In this report, is related to effective
perceived noise level (EPNL) plus correction factors for number of exposures and
for time of day. The effect of ground run up operations is not Included in the
NEF's in this report. This relationship of NEF t¢ community response has not
been developed. This relationship should also be established in order to asaist In
analyses where ground run-up operations are significant, NET ean he related to
the above mentioned land use tables only under those special conditions where NET
equals CNR for flight operations. Those conditions occur only where EPNL equals
PNL. Referring to Figure 3B, we can see that they are equal when an ohserver is
about 900 to 1200 ft, from current aircraft, At these distances the EPNL time
duration and pure tone corrections which differentiate EPNL from PNL tend to

cancel one another,

In Figure 2 the differences between EPNL and PNL are shown for current air-
eraft as a function of altitude. At locations where the alreraft pnsses very near
the community the EPNIL, values are as much as 5 db below the PNL values. There-
fore, substitﬁting NET in place of CNR in Tables 2 and 3 under such conditions
might underestimate the severity of the response to the noige. Conversely, at
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TABLE 2

Chart for Estimating Response of Residential Communities from
Composite Noise Rating

Composite Nolse Rating

Takeoffs and

Landinga Runups Zone Description of Expected Reaponse
Less than Less than 1 Easentially no complaints would be ex-
: ﬁ 100 80 pected. The noise may, however, in-

tarfere occasionally with certain acti-
vities of the residents,

&

: 100 to 115 80 to 85 2 Individuals may complain, perhaps

E vigorously. Concerted group action is
; possible.

Greater than Greater than 3 Individual reactions would likely include
g 115 95 repeated, vigorous complaints. Con-
certed group action might be expected.

e
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TABLE 3

LAND USE COMPATIBILITY CHART FOR AIRCRAFT NOISE

Noise Composite Noise ' |
Sensitivity Rating (CNR) LAND USE COMPATIBILITY
Zong
g
a 51 8
3 VB R
5} - - 5] 'f:"-
= = = 3 )
— - = 0 w =7 o=
- [ v =] o E Fia]
518 | 2 (AL, |%F.] -8 8L 8% |4
< k = - -2 w3 o o |'w
g | g sE| 48| 5% 23| g8& |&
n f — [}
=18 |5 |82 |%Elgs| 85| £4 |38
Takeoffs 818 (2 |EE|{5&8 22| 28122 (%
and Ground 5 4] -2 CA| O | =< B < | 8
Landings Runups
I Less Less Note Note
Than 90 Than 70 yes | yes | yes yes yes {A) (A) yes yes
Note | Note '
- I 90-100 70-80 yes | yes yes yaes | () () no yes yes
Note Nole | Note
111 100-115 80-05 (B) | yes {C) {C) | no no no yes yes
v Greater Greater Note Note
Than 115 Than 95 no (C) | ne | no no no no yes {C)

NOTE (A) - A detailed noise analysie by qualified personnel should be undertaken [or all indoor or
outdoor music auditoriums and all outdoor theaters. .

(B) ~ Cuse history experience indicates that individunls In private residences mﬁy complain,
perhaps vigorously. Concerted group action is possible. New single dwelling con-
struction should generally be avoided. For high density dwellings {apartments) con-

struction, Nete (C) will apply.

(C) - Avoid construction unless a detalled analysis of noise reductlon reguirements is made
and needed noise control features are included in building design.
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greater distances from the aircraft the EPNL Is as much as 5 db above the PNL.
Under these conditions, use of NET values in Tables 2 and 3 might overestimate
the severity of the response.

A review of the work of References 6 and 7, particularly that contained in
Tables 2 and 3, suggests that the land use planning significance of NEF zones s
as shown [n Table 4. This claasification is necessarily tentative because it pre-
sumes correspondence exists between CNR and NEF contours, whereas such cor-
respondence may not generally exist, as explained above.

The land use zones defined in Table 4 attempt to provide the land use planner
with categories of compatihle land use as defined by NEF contours for an airport
community. In their present form these categories contain the effects of the in-
accuracies of measurement and extrapolation characteristic of the zones based on
CNR together with the approximations required to translate from this earller con-
cept to that of NEF.

Table 3 was based on CNR's which for daytime operations are based on a refer-
ence number of operations of 20 movements per day,
CNR = PNL + 10 log10 M/20
= PNL + 10 lr.)g10 M-13

Tahle 4 {8 based on NEF's which for daytime operations are based on the same
reference number of operations to facilitate reference to Table 3 and have the
number 100 subtracted so that CNR'a and NEF's will not be confused,

daytime NEF's = EPNL + 10 log, M/20 - 100
= EPNL + 10 log10 M-113
These noise exposures of nighttime operations, from 10p.m, to7a.m., Is
welghted 10 EPNL higher than daytime operations. This is similar to the weight~
ing given to nighttime operations in the determination of CNR.

nighttime NEF's = (EPNL + 10) + 10 log, , M/20-100
= (EPNL + 10) + 10 log ) M-113

The total NET is of course the daytitne NEF plus the nighttime NET.

From the above relationships it will be noted that where PNL and EPNL are
approximately equal NEF is approximately equal to CNR - 100, Thus in Table 4
the houndaries between zones A and B and between zones B and C are O NET and
15 NEF respectively instead of 100 CNR and 115 CNR as [n Table 3, consldering
zones I and II combined and zones III and IV.
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TABLE 4

Land Use Compatibility Related to NET Zones

Extensive design precautions
to avoid serlous noise inter-
farence:

Anplysis and noise control
features included in deslgn:

No adverse effects:

ZONE A
(less than 0 NETF)

ZONE B
(0 to 15 NEF)

ZONE C
(Over 15 NEF)

Theaters and
auditoriums,
hospitals,
churches and
schools

Offices and
public bldgs.
hotsls, motels
residential
commercial
industrial
recreational

Theaters and
auditoriums
hospitals,
churches and
schools

Offices and
public bldgs.
motels,
hotels,
residential

commercial
Industrial
recreational

Theaters and
auditoriums
hosgpitals,
churches and
schools, of-
fices and pub~-
lic bldgs.
hotels, motels
residential

Commereial
Industrial

recreational

Outdoor theaters require extensive design precautions to avoid serinus
noise interference regardless of NET zone.
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The land use categories, as well as the NEF concept is subject to further re-
finement and adjustment as additional datn becomes available, Therefore, NEF
values assigned to the various categories of land use (Table 4) should be consider-
ed a8 representing current state-of-art and subject to futuye changes.

5.0 BUGGESTED AREAS FOR ADDITIONAL STUDIES

Despite inereasing concern and activity of cognizant authorities directed toward
the control of alrcraft noise, attempts to establish accurate eriteria for acceptable
noise levels in the airport community continue to be frustrated by the lack of valid
data relating man's subjective response to the measurable prrameters of a complex
sound such as that produced by an aircraft engine. The more difficult problems in
establishing valid criteria for acceptable noise levels would appear to derive from
the complexity and elusiveness of the variables which determine man's subjective
responge to a glven noise source depending on the situation In which It is heard,
However, the problem of deriving a reliable descriptive measure of complex
sounds, such as those produced by jet engines alone iz far from simple and has not
yet been solved to the satisfaction of responsible researchers and operations people
in the field, When attempting to establigh the ultimate eriterion indices (or
standards) for acceptable nolse levels, one must combine the problems and Inac-
curacies derived from these measurement approximations and the estimates of
suhjective response, It 18 clear that definitive data and methodologies must be
developed before accurate and practical nofse criteria can he established.

EPNL as described in this report provides a more comprehensive measure of
the subjective response to aircraft noise. Therefore, it ia expected that the guide-
lines for land use planning suggested in Section 4.0 are more realistic than those
hased on earlier approximation techniques. However, unt{l both EPNL and NET
techniques have been validated empirically, these guidelines must be interpreted
and used with caution,

Twn kinds of studies are necessary to furnish the data currently lacking.
They are: 1) basic psycho-acoustics studies including both laboratory (psycho-
physical) and sociological (survey) investigations designed to firmly establish the
effecte of spectral composition, number or frequency of exposures, duration of
exposure, situntional conditions such as time of doy or correlative type of actlvity,
and last but not least "level, " on population response to nolse, and 2) acoustical
analyslg and methodological studies designed to establish valid and acceptable
methods for measuring and deseribing a noise source and its critical parameters
and to develop a technigue for combining the effects of these parameters into a
coneistent meaningful Index of noise exposure from which standards of accept~
ahility can be derived.
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Although the techniques and immediate objectives of the two types of studies can
be differentiated for descriptive purposes, it ls elear that the results and conclu-
slons derived from them are so interdependent that they cannot he undertaken
separately. Rather, both types of astudy should be carried out as complementary
efforta within an integrated program of investigation.

Thia i‘epo'rt hag included weighting factors which have been used previously in
this country. Future research may indicate that these welghting factors should be
changed, )

The NEI‘ dellneatlon procedure may be 1mproved by the results of studles
designed to explore the following: .

1. Dlscrete frequency correction - Specific items worthy of
further study are (a) the magnitude of the correction
{currently the average of available data), (b) the effects
of multiple tones closely spaced In frequency (currently
assumed accounted for by the tone amplitude enlculation
procedure), (c) the effects of tone modulation (currently
unaccounted for), (d) the effects of background spectrum
shape (currently assumed to be zero), and (e) the proper
application of the tone correction values to the total per-
ceived noise level (currently a subject of discussion be-
tween two approaches which so far appear to produce
gimilar results).

2, Duration correction - The magnitude of the duration cor-
rection, the method of deriving it, and the proper appli-
cation to perceived nolee level all need valldation. There
is even reason to believe that an entirely new concept is
needed, if, for example, the effects of background noise
are to be considered,

3. Effective Perceived Nolse Level - The validity of this
concept ia open to question in two respects: a - Does the
presently used method preperly combine the effects of
PNL, tones, and duration? b - Does the EPNL concept
provide a valld method for mssessing subjective reaction
to alrcraft flyover noipe ?

4. Effect of number of flyovers ~ The method of correcting
for the number of movements used in this report is sup-
ported by only one type of experimental study (community
survey). The magnitude of the correction is not supported
by any experimental evidence. TFurther study of this varl-
able should {ncluds the effect of adding events of different
EPNL and frequency of movements.
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6.

Time of day - There is strong reason to belleve that
community reaction depends on the time of day; however,
there 15 only technical judgment to support the choice of
time correction factors. This item is closely related to
item 4 above and the interaction of the two eifects requires

study.

Season - There are reasons o believe that seasonal
effects are substantinl. It is not known whether the effect
is a complex bio-psychological one, or is simply due to
the fact that noise levels in a house are higher with the

windows open (as in the summer) than with windows closed.

At the present, there is no reliable method of assigning a
magnitude to this effect.
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APPENDIX A

DETINITIONS AND CALCULATION PROCEDURES FOR

EFFECTIVE PERCEIVED NOISE LEVEL

DEFINITIONS

Perceived Noisiness -~ Noise, in acoustics, ie defined as "unwanted" sound.
Of course, whether a sound is unwanted {s determined to some extent, by the
meaning a particular sound has to a particular listener; but it is also determined
by the characteristics of man's auditory and perceptual system. It has been found
that for sounds having about equal meaning to a group of peopie, the fntensity,
band-width, spectral content, and duration of the sound determine In a systematic
and conslstent way, the subjectively-judged unacceptability, or noisiness of the
gound, This attribute of sound is called percelved noisiness.

A scale has been developed expressing a measure of the relative perceived
noisiness of occurrences of sounds of equal duration; the quantity is called the
Percelved Noise Level (PNL}. The perceived noise level of a given sound is
numerically equal to a reference sound that is judged by listeners to be as necept-
able or objectionable as the given sound. The reference sound is a band of random
noise one octave in width centered at 1000 Hz and of comparable temporal ¢har-
acteristics to the given sound, I e., rise and decay times and total duration. The
perceived noise level of a glven sound, can be approximated from certain caleula-
tions to be cutlined below, performed on spectral analysis measures made of the
sound.

Maximum Perceived Noise Level (PNL) - It has been the practice to express
the perceived noisiness of a sound by reference to the maximum perceived noise
level of that sound. The maximum level is calculated according to recommended
precedures from the maximum level reached In each spectral band used in the
physical analysis of the sound, as follows:

peak PNL =40 + 33. 3 log N

{where N represents the total noise contribution from all spectral bands as sum-
med in Procedure 1},

This maximum or peak level can be approximated by performing the above cal-
culationa using the spectral band levels that occur at the given point in time when
it I estimated that the percelved noise level thus calculated will be at its peak or
maximum.




Effective Perceived Noise Level (EPNL) - Tests have shown that when sub~
jective comparisons are made of sounds which differ markedly in their temporal
pattern and/or diserete frequency content, their perceived noise levels, s cal-
culated according to the formula given above, do not match the responses of the
subjects in the test. It has been proposed tentatively that the perceived noisiness
of such sounds can be estimated by applying tone and duration corrections to the
calcutated PNL's to derive o new number called effective perceived noise level.
Thus, the EPNL represents the contribution of three foctors to the total perceived
noiginess of an alreraft flyover:

1. DPerceived Noise Level.
2. A correction for Discrete Frequency Components,
3. A correction for Time Duration.

CALCULATION PROCEDURES USED TO DETERMINE EPNL'S

Effective Perceived Nolse Level - The EPNL at a specific location is derived
from a time history of the noise from an aireraft flyover as follows:

1. Perceived noise levels are determined from 1/3rd octave
band apectra for a continuous sequence of one-half second
time intervals throughout the time period of the flyover
noise. The perceived noise levels for each time Interval
between times t1 and t2 are assumed to apply at the center

tl + t2
time for the interval as given hy —= .,

noise levels are caleulated according to Procedure 1.

These perceived

2. Tone corrections are determined for each 1/3rd octave
band spectrum according o Procedure 2.

3. The tone correction determined in step 2 is added alge-
braically to the perceived noise level determined in atep 1
for each half-second interval of the flyover noise. The
result {s called the tone-corrected perceived noise level.

4, The results of step 3 are plotted to display the tone-
corrected perceived noise level as a function of flyover
time. This plot is called the tone-corrected perceived
noise level time history.

5. The maximum value of the tone corrected perceived noise
level time history computed in step 4 is determined.
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The duration (T) is determined In seconds of the tone-
carrected perceived noise level history between the
time at which the tone-corrected perceived noise level

- first reaches a value of 10 dB below its maximum value

and the time at which it last decreases 10 dB below its

' maximum value. A duratlon correction (D) is as follows:

T
D=101lcg is
The duration correction-obtained from step 6 is ndded
slgebraically to the maximum caleulated tone corrected
perceived nolse level of step 5 to obtain the effective
perceived nolee level. An expression for the determin-
ation of Effective PNL is as follows; :

EPNL = peak PNL + D




PROCEDURE 1 - APPENDIX A

CALCﬂLATION-OF INSTANTANEQUS PERCEIVED NOISE LEVEL

Note: The following steps and data have been derived from Reference 8,

Step 1

The value of sound pressure level in each 1/3rd octave band of & apectrum is con-
verted.to a' noy velue by entering Tahle 1A at the appropriate baud center frequency.

Step 2

The noy values found in step 1 are combined in the manner prescribed in the fol-
lowing formula;

L\T:nmax +0.15 (n - nmnx)

where nax is the number of noys In the noislest band and n is the sum of the noy

values in all the bands,

Step 3

N is converted into a perceived noige level, in PNdB, by the use of Table 24 which
expresses the relation:

PNL =40+ 33,310g N
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PROCEDURE 2 - APPENDIX A

CALCULATION OF DISCRETE FREQUENCY OR TONE

CORRECTION FOR EACH 1/3RD OCTAVE BAND SPECTRUM OF INTEREST

Step 1

Compute for each 1/3rd octave band a value composed of an average of the nearest
two banda above the given band and the nearest two bands below,

Note,

The value for the two lowest frequency bands and the two highest bands {8 based on
only the average of avallable adjacent bands.

Step 2

Mark all bands that exceed this computed value by 5 dB or more. Recompute for
all bands a second average value a8 in step 1, omitting the marked bands In caleu-
lation of the average. (The average may now be based on several non-contiguous
bands. ) A discrete frequency is said to exist if the SPL in any marked band ex-
ceeds thie recomputed average value by 5 dB or more.

Step 3

The difference in dB between the second computed average value and actual SPL in
each marked band should be uged as the number to enter the tone correction table

(Table 34), or the tone correction curves shown in Figure 1A. Thus, a tone cor-

rection would be determined for each 1/3rd octave band that exceeds its "average"
by 5dB or more.

Step 4

The final tone correction for any 1/3rd octave band spectrum 1s taken to be only
the maximum tone correction determined in step 3. Thus, the final value of dis-
crete ivequency correction for any 1/3rd octave band spectrum is determined by
only the "worst't 1/3rd octave band.
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TABLE 1A - {CONT'D.)

Noys (N) as a Functien of Sound Pressure Level (SPL) - Cont'd.
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TABLE 27

Conversion of N Lo FNL

N, Noys PNL N, Noys PNL N, Noys PNL -
Lower Mid Upper Phdls Lawer Mid Upper Fhidl Lower Mid Upper PNdb
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Tabhle 3A - Corrections to be Added¥* to Perceived Noise
Tevels to Account Tor Discrete Frequency Components

Differences in SPL of Toned Band Above Non-Toned Adjrcenl Bands - dB

Band Center

Frequency ,

12 14 16 18 20 25 30

.10

Hy

2,3

1.8
2.4
3.2
4,2

1.4
1.8
2.4

3.1

1.2
1.6

2.1

1.1
1.4

0.0 0.0 0.0
0.0

0.0

100
125
160

3.1

1.2
1.6

1.1

0.0

0.0

0.0

4.2
5.4

1.4
1.7
2,0
2.4
2,8
3,3
3.6

1.2
1.4
1.7

2,0

0.0

0.0

0.0

1.7
3.2

1.3
2.8

2.8

3.0

1.2
1.4
1.7

0.0

200

3.7
4.4

2.4
2.8

1.1
1.3

0.0
0.0
0.0
0.0

250
315
400
500
630

7.8
9.2
10,7

6.0

4.3

i.1
1.2
1.4
1.5
1.6
1.6
1.6
1.4
1.4
1.5

7.0

5.2
6.0
6.7

3.9 4.5

3.3

2,3

1.9
2.2
2.4

n

1.1

8.2
9.1

5.3
5.8

[i+]

1.9
4.3
4.4
A4

1.8

1,2
1.3
1.4
1.4
1.3
1.2
1.2

1.1
1.2

1.2

11.9

iy

3.0
3.1

2.0

0.0

12,2

9.4
9.4

6.9

6.0
6.0

3.7
3.7
3.6
3.4

3.4

[t}

2.0

0.0

700
800
1000
1260
1600

12,2

6.9
6.6
6.2
6.2
6.4
7.2
8.5
8.5

7.9

=]

3.1

w

2.0

1.2
1.1

0.0

11,8

5.0

4.2
4,0

3.0
2,8

2.4
2.3

1.9
1.8
1.8
1.9
2.1
2.4
2,4
2.3

0.0

11.0

8.4
8.5
8.8
9.8

0

4,7

11.0

2

4.7

4.0
1.1

2.3

1,1
1.1

2000

11.5

5,0
6.3

4.8

2,9

2.4

1.3
1.4
1.6
1.8

.

1.1

12.8

©d

4.6

3.9
4.5

1,6 2.6 3.2
1,5

1.0
1,8

1,2
1,4

2500
3150

7.4
7.4
6,9
3.8

6.3

oy

3.8

3.0
3.1

1.2
1.2
1.1

11.6

6.4

=

4.6

3.8

1.4
1,3
1.1

3300
4000

14.1

10,7

2.8

[E=}

11.8

9.0

6.6

U3

4.2
3.4
2,5

2.4 3.0 3.6

2.0

1,9

I2]

1.3
1.1

.5
0.0

5000
G300

9.5

7.3

[E=]

4.7
3.4

4.0

1.6 2,4 2.9
1.8

1.3
0.0
6.0

0.0

6.9
4.5

(L

3.9
2.6

3.0

2.2
1.5

0.0 0.0 1.2 1.5
0.0 0,0

0.0

8000
10000

3.5

2.0 2.3

1.7

1.2

a.0 0.0

0.0

* Corrections for tones are added after usual PNL calculation
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APPENDIX B

ATRCRAFT NOISE CHARACTERISTICS .

Thig appendix provides the takeoff and landing noige characteristics of current
jet tranaport aircraft in terms of effective percelved noise levels as a function of
number of engines and altitude or distance from the alrcraft, These noise levels
were calculated from data recorded during flyover operations of an aircraft
powered by four JT3D turbofan engines and an aireraft powered by two JT8D tur-
bofan engines. The techniques used to develop these data and the differences be-
twesn the noise levela of these two aircraft types and other current aireraft types
are discussed.

" The basls for the calculations was data obtained from several maghetic tape
recardings of flyover noise data at various engine power settings and various dis-
tances between the aircraft and the recording station. These tape recordings were

"analyzed with' a data analysis system that samples instantanecus one-third octave

band sound pressure levels (SPL's) at regular intervals during the flyover cycle.
The aystem utilized an analog dec voltage readout proportional to the position of the
writing pen on a graphic level recorder; the internal damping of the level recorder
was adjusted so that the indicated SPL, at any given instant of time, would equal
that which would be read on the meter of a precision sound level meter set for high
damping, l.e., "slow" scale. The rate of sampling the trace on the level recorder
was once every 0.5 seccnds. '

Instantanecus PNL's were determined ot each 0.5 second interval. Each in-
stantaneous PNL was then corrected for the presence of pure tones as discussed
in Appendix A. Effective PNL's were determined by adding 2 duration correction
developed in nccordance with the procedures given in Appendix A to the maximum
value of the tone corrected PNL. The caleulation procedure was repeated for
various flyover noise tape recordings at several engine power settingas and alti-
tudes. Curves of EPNL vs. altitude for several net thrust levels for four engine
and two englne turbofan powered commercial jet transports were constructed by
adding duration corrections and tone corrections (differences between peak fone
corrected PNL &nd instantaneous PNL) for various altitude and power settings to
existing curves of composite PNL that had been previously obtained for each type
of aircraft. The data were extrapolated te different distances by applying cor-
rections for spherical divergence and air attenuation for standard day conditions
at 70% relative humidity. Additlonal eurves of EPNL va. distance were developed
which include ground to ground attenuation ns well as spherical divergence and
extra air attenuation, These curves are shown in Figures 1B and 2B,

While the analysis procedure described above differs in minor raspects from

that discussed in Appendix A, it is believed to provide the most relizble estimates
of effective PNIL's possible with currently available data,

B-1



S8imilar determinationg of the EPNL charncteristics of other transport aireraft
have not been made. However, assumptions based on octave band sound pressure
level and PNL determinations which have been made for other aireraft permit a
fairly reliable estimate of thelr EPNL characteristics relative to these of the air-
craft which have been evaluated.

Most two and three engine jet trangport aircraft in this country are powered by
the JT8D engine, To obtain the EPNL's for n three engine aircraft one need only
add 2 EPNdB to the levels for a two enigine aircraft at any given thrust. The few
ATreraft I these two categories which use other engines may be approximated by
the data for the JT8D engine without introducing serious error in the resulting NEF

value.

In the case of four engine jet transports there are currently a number of air-
eraft which use engines other than the JT3D-3B with short fan discharge ducts.
Those having nolse characteristics which are significantly different in terms of
PNL's from the levels of the JT3D-3B are those equippped with RCo 12 engines and
those equipped with JT3D-3B engines in the long fan discharge duct installation.
The RCo 12 engine generates PNL's which are about 4 PNdB higher than those of
the JT3D-3B at takeoff thrust, However, since aircraft equipped with these en-
gines rre small in number, JTID-3B noise data can be used without significant
error. Long duct installations of the JT3D-3B engine currently in use have re-
sulted in levels which are lower at takeoff and landing thrust than with the short
duct installation. However, the relative number of alreraft so equipped will be
small In the time period being considered, and the JT3D-3B short duct noise data
can be used without significant error.

In the case of aireraft using other turbecjet englnes with suppressors such as
the JT4A-3 and JT4A-8, the differences in nolse level relatlve to the JT3D-3B
appear to be small. Differences in performance are presented in Appendix C.

It should be re-emphasized that the EPNL's presented are not the equivalent of
the more familiar PNL, The differences between them are dependent upon tone
content and duration. The differences obtained for the JT3D-3B short duct engine
and the JTBD-1 engine at takeoff thrust and at a typlcal landing thrust are illus-

trated in Figure 3B.
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APPENDIX C

AIRCRAFT PERFORMANCE

This Appendix presents the general takeoff and landing profiles i.lsed in con-
junetion with noise vs, distance data to obtain nolse level acontours for operations
of the various aireraft.

TAKEOFF

The takeoff and climb performance capabilities of an airvcraft are dependent
upon many factors such as gross weight, runway elevatlon, drag, lift, total en-
gine thrust and weather conditions. Fortunately, for the purpose of nolse level
evaluations, most of these factora can be treated in a fairly simple manner.

Figure 1C provides a set of five takeoff profiles denocted A, B, C, Dand E
representing the range of takeoff profiles for all conventional commercial jet
transport aircraft at all operating gross weights, The interval between profiles
- was selected on the basis of roughly equal differences In EPNL below the flight
path. TFor example, at 20, 000 feet from brake release and directly below the
flight path, the differencea in noise level resulting from any two adjacent profliles
for a takeoff thrust setting of the JT3D eﬁgir;e would be approximately 2. 8 EPNdB.

Ih practice there will be some variations ffom these profiles for any given alr-
plane. Takeoff thrust is rarely used above an altitude of 2, 600 feat. There is
usually some acceleration, a flap retraction and a reduction in engine power to
maximum continuous thrust. However, these practices are not standardized and
in most cages will not produce significant changes in nolse levels. TFor example,
reduction in noise resulting from reduced thrust normally results in a reduced
climb angie, The lower altitude would tend to offset the reduction in noise gen-
erated. Tor the purpose of this evaluation the profiles are all for maximum take-
off thruat. Reductlons in thrust which result in greatly reduced climb gradients
are not considered in this analysis.

The proper profile to be used for any aircraft type will depend upon the type of
engines and the gross weight of the aireraft. Figures 2C, 3C, and 4C have been
included to permit the determination of the proper profile for any conventional two,
three or four engine jet transport aircraft at any operating gross weight, Flgure
2(C relates the proper profile to the gross weight of four engine jet transport air-
craft. Figure 3C provides a simplification of the information in Figure 2C by
dividing the four engine aircraft Into two classes, This simplification may be used
with a loas In accuracy of about + 1 EPNdB.




Four engine jet transport aireraft powered by JT3C~7 engines have not been in-
cluded in Figure 2C. The JT3C~7 engine is used only on intermediate range air-
craft which operate at much lower groas takeoff welghts than those shown. Alr-
craft with these engines are being phased out. TFor lakeoff operations of the de-
creasing number still in use, appropriate takeoff profiles may be approximated
by adding 80, 000 to their takeoff groass weight and using the lower line in
Figure 3C.

Figures 2C through 4C select the proper proiile for a temperature condition of
B4°F and no wind. Any headwind or lower temperature would improve the climh-
out capability and any taflwind or higher temperature would have the oppaosite effect.

APPROACH

Conventional angles of descent for instrument approaches vary from about
2-1/2 to 3 degrees. Visual approaches may be at slightly higher angles. For the
purposes of this evaluation technigue an angle of 3° has been used, Figure 5C
relates altitude to distance from touchdown for this condition. (Note that the touch-
down point is not on the end of the runway but is generally about 1000 feet from the
landing threshold. )

There will be variations in noise levels during approach for a given aircraft
type due tu different engine thruast requirements as a function of aircraft gross
weight. Average approach thrusts were used in establishing the approach thrust
noiae level curves in Figures 1B and 2B.
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CURRENT TWO AND THREE ENGINE JET TRANSPCRT AIRCRAFT
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APPENDIX D

EFFECTIVE PERCEIVED NOISE LEVEL CONTOURS

AND TABLES

This appendix provides EPNL data for specific flight profiles and number of
engines for current jet transports,

Detalled data are not avallable at this time for the next generation of large jet
transport alreraft powered by the new high bypass ratio turbofan engines.

The newer engines will be quleter than current engines at hoth takeoff and
approach thrusts, However, aircraft using these engines will be limited in number
for the next few years and should not have a strong influence on NEF levels, It is
recommended, therefore, that nolse level contours for the current aireraft having
the same number of engines be used for these new type alrcraft,

No contours for supersonic transports have been included. The limited data
available at the present time do not permit the type of analysls presented for cur-
rent alreraft, However, when appropriate data become available they may be in-
corporated into the NEF's and treated in the same manner as current aircraft.

These contours are less accurate to the side when the alreraft is at low altitude
where ground attenuation is an important factor.

Each contour and grid value set {s identifled by {ts {light profile letter (see
Figure 1C) and the number of engines. For example, Figure 1D represents a
contour set for flight profile A for two engine aircraft A2).
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15,50 88,1 AB.0 87.8 87,5 B7.1 [iY-T9] 5.9 A5.3 4.7 R4, 0 3,3 R2 .6 B2.0 Al.3 N7 | 79,5
15,15 8149 B7.8 B7.6 BT.3 B4 .9 _ Ofi.b BSaH 5,2 _ f84.5 Bi1.9 A3.2 A2.5 Al.9__Bl.2 __ BO.% 83,2 19,4
16.00 ar.7 B7.6 BT.4 a7.1 85.7 Rb6a2 85.6 85.0 R4.4 R3. A A3,1 A2.4 Al.A Al,? AL 5 73.9 79,3
—1be2S 81,4 B7.4 87,2 _ 06,9 85,5  _B6.0_ _85.5. 84,9 A%.3 Ad.h_  A3.0.. BZa4 Bl.T A, .-an.s8 11,9 19,3
16450 87.2 B7.2 87.0 A6, 7 85,3 85.R 5,3 B4.7 LEPY A3.5 az2.9 A2.3 Blah Al.O Afta & 13,R 79,7
L6, 15 81,0 81.0 f6,.8 RS Ah,.1 85,7 85,2 R4.b B0l R, 5 A2.A8 A2.2 1.4 Q3.9 AN. 3 29,7 20,2
17.00 B64B 86.8 Ba&,. 6 R643 A5.0 AS.5 B5.0 B4.5 R3I.G R3.3 2.7 BZdl Alaf A%.R AD.3 19,7 TR
e h D228 Q6 Bbaf . Bhad  BH.L. B5.B Bo.3 4.9 R4,3  A3,.A 83,2 A2.h.__A2.0 8.4 8.8 a0, 2 13ubs 19.0.
17.50 Ba.4 B6.% B2 B&.0 B5 .6 B5.2 4,7 A4.2 A3.6 - A3 A2.5 RL.9 Al.3 An.T LIPS | 79,5 79.1
ceeeb 225 86,2  BH2  B6HL,0  BS5,8 85,4 B5.0 84,6 86,0 R3,5 __R2.9 A2.4 Bl.A __R1,.2 Al . A .1 P | 1.5 18,1
13.00 B6.0 B&.0 85.8 A5.hH Bha.3 4.9 Bhod 83.9 83,4 A2.8 A2.2 B1.,7 Al.1 1,5 8.0 T9.4 TR.9

-1




TAKEOQFT EPNL GRID VALUE SET C2

TABLE 3D

CURRENT TWO ENGINE AIRCRAFT

Diat, Fral}x ‘
Start of T/O
Holl (Miles) SIDELIE 2]
|
2. 174 1f2 314 1 L.ise 1 172 2 3f% 2 2176 2 1/f2 2 314 3 kS S S - . ¥ 1. % .
2,00 )17.5 105,2 91,46 23.8 9.9 AT.1 BSa.l 82.A__A8D.9 19.2 27.7 Th.be 75.2 16,0 130 72,9 71,1 I
2425 114.9 106.1 98, 5 94 .6 l.7 BA.4 BY.T B3.4 Al.S T9.H TR«3 Th.? T5.h Th,5 T1.% 12,5 T1.h !
L] 2 92,2 BA.G  AfL2 B31.9 Al.9 80.2 18.7 113 15.0 Thed 71,8 12,9 11,2 1
2.75 1ll.8 107.9 9.4 95.8 92,7 A9.3 B6. 5 4.3 42.3 80,6 T9.0 TT.8 Thate Th.2 T4l LETR! T2.?
el o 96.2 .. 93,1 . B9.7. BK.9._  Rah. . B2,.7. BC.R 79,3 .. 77,8 74
3.25 109.% 10646 101.2 6.7 93.4 0.0 B7.3 4,9 R2.9 Bl.2 79. 5 TA.7 T6.9 T5.8 The? 3.7 T2.7
3.50 109.0 104.0 102.0 571 93,7 90,13 AY.f a5.2 A3.2 1.5 19.9 1.5 27.2 ThD 74,0 13,9 12,9
3.75 108.1 105.84 103.4 9748 96.0 30.6 8%.8 85,5 B3.5 8l.7 A0.1 1.7 Ttet Tha2 75.1 T, LM
Ao 00 _ _107.0_ 105,59 . 103.2 98.0 94,3 0.9 AR..1 B5.7 A3.T Al.2 Af.3 79.9 115 That 15,12 Thed 7.1
4.25 106.1 105.2 103.0 FB.5 T o b 91.1 AR, 3 85.9 43,9 B2.1 a0.5 9.1 17.8 Theh 75.5 T%. 5 71,4
0b.% 102.8_ 9%a1 9%.9 91.% ARG Ak.] 4.1 A2.7 . . 8B0.7 73.3 8.0 75,8 787 Thot 71,2
475 105.4 10446 102.8 996 95.1 91.% 8.7 B6,3 A4.3 82.5 80.9 Th.4 TA.1 The 9 TH.R Te.A 71.3
4 21,7 A8, 9 BA.8 . B&,.6. 82,1 Al.O 19.6 ir 1 P 77.1 I4.0 1a.0 . T4 0
S5.25 1044 103.8 102.1 100.4 95,8 92.0 89,1 Bb,.T LYY 82.8 Al.? T9.8 TR 5 172 Th. 1 T8.1 Ts. 1
—- 5,680 1042 103.6  101.9._ 100.2 _95.1 92,2 A9.2 Ah B A4.8  A3,0.—Bloh . ..78,9 .. 8,56 T4 TH Y I8, Th L.
5,75 103.8 103.1 161.7 100.1 95,5 92.4 0 89,4 47.0 84.9 A3.1 BleS A1.D A, 7 775 Thets 75.3 Tae b
o Ba 00 10344 10248 10ted . 100.0 . 97 ph 92,1 89,6 _BT.1 __B5,.1 83.2 8l.4 83,2 BB 16 TH.S. 25 6 T4.8
6425 103.) 102.5 101.2 9.7 27T.3 92.9 A9.A A7.3 A5.2 A3, 4 Rl.B AD.3 79.% TT.R Thet TRah Teuh
5,50 102.7 102,72 101,90 99,5 97 .1 93,2 20.0 A7.5 a5.1 Bi.S Bl.9 A.G 19,1 21,3 75, T T3 . T
6415 102.4% 10L.9 100.8 99,2 9%.9 - 93,5 90.2 B7.6 A5.5 A3, 4 A2.0 An.5 T9.? TR D T6.7 Th.A Th. R
et 102.0 _101.4 100,464 _9R.9 8%.7 93,7 80.4% AT.8 A5 .4 £3.8 Az.l 8a..7 25,3 8.1 71,5 15,3 2440
725 101.7 101.3 100.4 9B. 8 95,5 LY 90.6 8.9 5.7 A3.9 AZ.2 RO.R T9. 6 TA.2 77.1 ThyD 78,1 |
T80 . 10l.% _101.0 100.2. . S8.4 . 9%.3 94,3 90,9 48, A5.0 8&.0 A2.3 an,9 70.4 78.3 11,2 15,1 5.1
T«75 10l.1 100.8 100.0 98,1 95,1 Gh4e2 91.1 BR.Y © A&.DO Ba.l R2.5 Al.D 79.6 TR 4 77.3 16,2 TR, 2
H.00_ 106.8 _100.5 9.7 27.8a 95,9 _ g4.1 9y .3 RA.E__ AL.2 Ab.? B2.A Al.l 79,7 A5 7.4 Th.3 5.1
B.25 100.& 100.3 9%.3 976 5.7 93.9 Q1.3 AB.h B6,.3 Bh, b RZ.T Bl.? T3.R TRt TTe% Tha 754 %
——Ba80._ 1003 100.4 _ 99.0 27 - 2.1 AR.9 . _AK.S5 .. B4.5 B2.8 Al.3 79.9 8.7 21.5. Th45. 15,5
Be75 100.1 99.8 B b 9T.0 5.3 .56 92.0 49,1 LT-YY:] LEY A2.9 Bl.G A7 ] ThaR TT.h Thah TR.H
99,4 __98.3 Q4.8 5.1 93,4 1.9 89,3 Ah.A 84,1 A3lLA Al1.5 ARl 78.9 7.1 Th 8k TR, 2
Q.25 9. 4 99.0 97.9 36.5 9%.9 93,3 91.7 a9.4 R&6.,.9 -] Al.l Al .6 Al.2 7AR. 9 77.R The 7 T5.7 :
Q.50 99.0Q S8ahs 97,6 96,2 Q.1 93,1 9t .5 9n.2 AT As.N Al.2 81.7 an.% 73,0 727.3 5.8 7549 '
9,75 98. 6 98.3 97.3 6.0 9% .5 23,0 2.5 an.l 87.3 ' A5.1 B3.7 Al.8 Al. 4 79.1 TH.D Tba7 Thal
97,0 99,7 94,3 92,8 91.3 90,0 . A7,5 BS,3. . A4 _.8).9. . AO.5.. 79.2.. 78,0 . I7.0 74,0
10.25 97,9 9745 96T 5.5 F4.l Q2.4 9.2 9.9 AT.6 AS. 4 B4 A2.0 Aluh 3.3 4.1 TT.1 Thed
A AT.6 A8.A ALY R2.1 Af. & 1.4 FA.2 2.t 5.4
10.T5 971 95.9 Ghal 95.0 93.7 22.3 91.0 9.7 AB .4 a5, R Ai.n 82.2 A3, T T9. 4 TH. 1T7.2 Tha? !
95.8 4,7 93,5 92,1 90,8 B9,.5 88,3 B5.9 A4.0 A2,3 an.A 73,5 7A.Y 7T, h L)
11.25 36.5 G642 5.5 , 94.5 93,3 92.0 9.7 : L AA.2 R6.1 84,1 82,4 B0.Y9 193.56 TR, % T7.3 7h.13 {
A_.90 4
11.75 95.8 3%.6  95.0 94,0 92.9 9l.4 0. % 87,2 8.1 BT.0 Réd . b H2.6 Al.1 FL Y] 8. h TT.5 Th.5
12,00 . 95.5 95,3 4.7 93,8 92,1 9l.5 9.3 3.1 AR.n RfA.9 A4S A2 .7 Rl.2 _ 79.9 _ _FA.A__ IT.5 s L
12.25 5.2 95.0 Paad 93.5 92.5 91.3 0.1 9.0 7.9 RA. A L) B?.9 a1,3 9.9 78,71 TT.h Theh
12,50 9449 94,7 b, 2 53,3 92.3 1.2 90,0 f3,.9 RT.8 Bl .| A3.0 Bl.% 7,0 IA.8 1.1 16.7 i
12.75 4.4 9% o4 93.9 9341 92.1 1.0 89.9 8.8 RT.7 Bb. & RBé4.B n3.l RBleb A%.1 TR, 7.9 T6.7 i
2 9314 92,9 91,9 90,7 8%.7 AL Al.h fba b AS.4 A3 Blaf an.2 19,1 12.A ThH. 8
13.25 G4l 93.9 93.4 92.4 91.7 90.7 A9.56 AR5 AT.5 Ab.5 A5.5 A, h Al.R B, 3 79,7 77,0 Thaed
—-93.8 93,8 93 89,5 88.6 AT.4 Be.4 . AS.4 83,5 . R1.9 83,4 19,1 18,0 7&.%
13.75 93.5 93.4 92.9 92.2 91,3 .4 A9.3 #8.3 AtT.3 Bb.? A5.6 83,5 B2.0 A0.5 T9.7 AL T7.9
14,00 93,3 93,1 . 92,0 1,1l 94,2 A9, 2 BAL2 AT.2 Afa?  A5.3 Rbat B2, Alaf 10,3 A1 271
L4.25 93.0 92.9 9.4 9l.8 91,0 0.0 A9,1 88.1 A7.1 Ab.1 RG.2 46,3 R2.7 an.7 T & 8.2 T7.1
L1 Rab  92.2 91,6 . 92.8.  B9.9. 684,92 _87.9 __87.0_ . 86.0 R5al R4 R2,3 Bl.A _ _78.5 8.3 Tr.D
14,75 92.5 924 92.0 Glats 9.0 85%.7 86.8 A7 .8 88,9 86.0 A%.1 84.2 A2etr 1.0 T%. 6 Ta4.4 Tt1.3
1500 9243 __ 92.2 9l.8. 9le2.. 9244, 89,6, BR.J_ BT BOH.B _R5.9 B5.0  BH.l 82,6 Bl 5 a ]
15.25 92.1 91.9 9.6 G140 943.2 A9.4 AA,S &7.4 AR.T AS.H R4.9 A4l 43.? 1.2 T9.A 18,5 TTe4 .
15.%50 91 .8 91.7 91.3 90.8 9.1 89.% B & BT.5 Afh.6H A8.7T B4.A 4.0 A3.2 R1,3 79.9 TH.f TT.5 i
~15.253 . 9k.&4 91,5 91.1 90,6 H3.9 _A9.] BA.2__ A7,4 .. BK.5_ RAS.A  RA.T B3I, 9__pa.l 81,4  _AN.D  __¥8.1 1.8 3
16.00 .4 91.3 90.9 9044 87.7 88.9 AR.L At.2 Re.4 R5.5 Bé4,7 83.A Al.l al1.4 an.1 78,.% TTeh
*Lcuz&___nta_n.n__mr _.90.2 __0%.6. . 8A.A . BR.O._A7.! AA 3 __85.4  A4.h. . RILB . R3IN 43,3 A0.2 18,9 71.1 i
16.50 90.9 90.8 90.0 A9, 4 BR.& AT.R a47.0 Ah.2 R%.7 Ag,5 83,7 R?2.9 2.2 Af. 3 79. 1 T7.% i
b ‘JD. B9.8 A3,2 8.5 B1.7T RALO9 _ _ H&.1 . _ AR, 2 Bh. b 3.4 B2,9 82,1 an 4 13,1 770 i
17.00 90. 5 90.4 90.1 89.7 A3.0 Ad.3 aT.6 84 .8 B& .0 A5.2 Bh, % Bl.6 R2.8 A2.1 Rl.% 73.2 TARLN g
17.28 90.3 90.2 3.9 89,5 83.9 8.2 AJ.S 1% 5.9 a5,.1 A4.3 Ai.5 A2.7T 2,9 B0.4 73,3 14, ;
17.50 0.1 0.0 9.7 49,3 8.7 88.1 87.3 11,991 A5, R 85,0 Ri,2 B30 Az, 7 R2.0 A1.3 7,6 74,7 :
17,75 A9 B9 .8 B9.5 B9,1 8.5 B7.9 Bl.2 Aot A5.7 B4.9 4.1 Al.6 ' A2, A al.8 Bl.2 79,5 79,3 ;
18.00 89.7 B9.6 B9.4 B8.9 BB.4 BI.8 BT.l  A6.3  RS.6 A4, A H4.0 B3, A2.A  Al.A a1.2 79,7 TALA D




APPROACH EPNL GRID VALUE SET 2

Digtance From

Landing Threshold

CURRENT TWO ENGINE AIRCRAFT

TABLE 4D

SIDELTNE DISTANCE {MILES)

{Miles)

— 0 174 142 34 1 L0741 122 2 3/4% 2 2 1/4__2 142 .2 314 3 W) 1/2 13 314 —
2200  118,5 88,71 -] 1.4 45,7 6241 58.1 LT 51,5 4820 Y. | 43,8 41.7 39.4 ar.r 35.1 35,3
2.2 L18.0 90.2 79.3 7.1 3.4 63.7 59.8 h5e3 53.1 0.7 HT.R 45,5 43,3 1.4 9,6 3R,0 349.4

R L1 1! } 80,3 Té.l 6.8 65.8  H0.B_ S5T.3  SH.2.  Al.4 4B.B. . Gb.8 Gl 4 420 L 39.1 A1
2.75 110.7 9.9 81.0 Té.9 1.2 6546 Glets 9841 55.0 52.2 49.7 4743 452 63,13 1.5 33.9 33,5

o 3.00 108,5 92.% _Al.T7 75,5 ¥0.8 66,2 62,3 _ GB.B._ 55.7 52,9  50.46 4.0 45.9. 45,0 42.7 43,6 0.2
3.25 106.8 92.9 A2.2 The l Tli4 LY} 62.9 594 563 83. 5 5.9 4A. 4 46.5 LT 428 Kl.2? 3,7
3250 105,56 93,3 82,86 1oe6 719 7.3 6.4 _ 59,9 Ghafl 5440 5l.5_ 47,2 67,0 £5,1 3.1 41,7 .42 3
3.75 104.4 93,7 83,1 77.0  72.3 67.7 63.A 60 .4 57.3 fba G 2.0 43.6 47,5 5.4  &3.R 42,7 61,7
4,00 103.4 35,2 83,4 1704 T2.7 bAL.L fh.2 A0.8 57a7 54.9 G2.0 5.1 48,0 450 Gl 42,7 nl.2
4.25 102.5 beT 83.8 7.1 13.1 68.5 bhah tla.2 58.1 5543 §2.R 5%. 5 4B 5 thett th,7 43,1 %1.4%

4, a0 ble5. S8.5  S89.7 53,2 SN.9  4AA 48 B o GS.1. Q3 A G2.0
4475 L00.7 5.4 B4.5 T8.4 Ti.? 9.2 65,3 4l.9 5A,.8 56,0 53.5 51,2 49,1 67.2 45,6 43.9 &2,3

_ 5,00 100,0 95,1 Q4.8 18.7 I4.0 £9,5 LhG.6 £2.2 59.1 LY. 3.3 Al.A 42,5 47,8 45.8 sl 42,7
5425 99,5 94.8 85,1 79.0 T44.3 69,8 55,9 6249 59.4% 56.7 54.2 1.9 49,8 47.R LY- 1| A4 .5 43,0
5250 993 LYY B5.5 19,3 1445 10.0 Bha2 6228 ___589.7 . __ 8710 .. 54.8 §2.2 50,1 a1 Ghoh LGB 23,1
5.75 99,0 9%.1 85.8 795 Te.8 10.3 bbe 4 63.0 &0.0 657.3 B4,0 52.5 LT 48. 4% 6.7 4541 43,6

00 . 98,5 93,8 86,2 79,8 75,0 _T0.5 Hk.T . H3.3 _ _60.3 5745 8.0 §2.7 B0.6 _ 48.7 . 62.0 Lh,3 . 43,0
be25 7.7 93.4 A, 7 A0, 1 T5.3 T0.A 669 3.5 60,5 5T.8 55,3 53,0 5.9 43,0 67,2 P 46,
4450 97.0 93,1 81,2 A0.% _75.5 11,0 £2.1 53..8 A0.8 8.0 5R.5___5%.3 51,2 49,2 7.5 48,9  _fha 4
B TS5 L) 92.8 at.6 80.6 T5.7 Ti.2 65704 4.0 A1.0 GA.3 55,8 3.5 51.6 40.R 27,7 A5.1 Ghyh

I ,_I;DQ_.._QEJ.._JLJ ..... BA.b 809 5.9 Tlaf_ _ BT.6_ BARL2 _ Hl.2  5R.5.__S5A.0 83,7 81,6 49,7  LB,0  &&.3. G4 3
Te25 92.2 R8.,5 Bl.2 6.1 Tlet t7.8 Ghathe Aloh AR. 7T Fba2 S4.0 51.9 0,0 4R, 4%.%5 5.1
7250 %.b 92,0 _88.4 _A,5 _THe3_ _ . Tl.B 6H.0 HG.6  K1.A__58.9 b b 54,2 52,1 B0.2 48,06 L8 45,13
Te75 Ghal 91.7 88.3 8l.8 Thet T2+0 6R.2 64,8 &l.8 A% 1 56.7 54,4 52.3 5.6 4R H L3 ] 65K
8,00 93,6 91e5 B8, 2 82,1 75,8 12,2 6B, & A5.0 62,0 59,13 6a9 84,8 §2.5 50,6 4ALR 87.2 Ws.?
B.25 93.1 91.2 88.1 02.5 T1.0 T2a% 64,6 h5.2 62.2 59.5% 571 54,8 52,7 57%.8 49,73 470 Hh,
.50 92.7 9.0 87.9 02:9 71,2 12.6__ HB.8 65e%_ _ _B2e% 59,7 57.2___55.0 52.9 51.0 092 % Lh, 2
875 92.3 0.7 B87.8 A3.3  Tl.4  72.8 58,9 65.6 62.6 R9.9 574  5%.2 53.1 51.2 4944 7.4 45,13
9,00 92.0 90.5 B7,7 A3, 7T ARy 13,9 69,1 _hi.&_u__blnﬁh__bﬂ.._lm.“.ﬁl.h_.__.ii;&._ﬁj.le L) 4% .4 Y s 54,8
.25 .7 9022 B87.6 B4 1.9 13.2 69.13 45.9 0 ALY 57.8 555 53.5 51,48 49,8 4.7 LL T
9,50 Dlab 90.0 87,4 84,] 8.1 3.4 69,5 - 6p,1 63 1 ADL & 58,0 95,7 53.1 51,7 53.70 ffah 460
9.75 91.1 89.8 at.3 84.9 TB oty 73.5 649, 6 1. 7% ] 63.3 A0, 0 GA.1 6.3 53,8 fl.% 0.2 48,6 47,1t
10.00 90.3 89,6 B7.2 - 8648 78,86 _T3.7 A8, 8 /]- 78] 3.5 . 5H0.R 58,3 G4.1 4.0 52,1 §0.3 8.7 42.2
10, 25 90.5 B9.3 81,0 4.8 78.9 13.9 70.0 bbb 43,4 &0.9 58,5 Gha2 L1 Ty 52.3 50,5 48,9 7.5
10.50 0.2 9.1 86,9 84,7 7342 Téel 70,2 Lo, B 53,8 61:1 5B.8 0ef. ..~ 55.3....52.% 60,7 49.1 LTF.6
10,75 84,9 88.9 84,8 B4t  T3.5 14.3 70,3 &6.9 63,9 6l.2 5A.8 G566 54.5 52.8 G0l 49,7 47.7

11.00 89,7 48,7 86.7 B4.5 73,8 I14.5 70,5 67,1 h&,] Gl.% 59.0 _ 56,7 54,5 52,7 _.&§1.0 49,4 47,3
11.25 89.4 8845 846.5 84,5 8l.2 T4.8 0.7 67.3 66,3 bl.6 59,1 (L 56,R 52.9 lal 4R, 8 L,
11.50  B89.2 ABe3_ _ 86,4 Hhah RIS 15,0 70,9 6l.4  6h.é _6l.7 59,3 51,0 659,17 63,1 61,3 43.7  4A.2.
11.75 88.9 Bd.l 86.3 B4.3  RA).T, 75.2 71.0 676  6B4.h fl1.9 5Q.4  A1.? LL 3,2 61,5 49, 8 48, %
12,00 aa,.1? B7.9 8642 Ha.2 B}, 8 75.5 Tle2 6.7 64,7 62,0 _. 89,k _ 513 SAa2. . 1. BY.H £3.1 $9,5
12,25 . BB.5 67.7 AA.0 84,1 Bler 7547  Tl.bk 67,9  64.9 b7.2 9.7 &1.§ 5.4 3.8 51.7 59,1 A, 5
12.50 88.3 87.5 45.9 A4.0 81.5 16,0 1.6 A8, 1 65,0 LY 5g,R 5,6 5545 53,4 51.9 531,12 58,9
12.75 Bd.1l 87,4 CEN 83,9 Bl.4 Th.2 Tl.8 BR.Z2  &5.2 6245 60.0 57.7 85,1 &3,/ 62,1 5%.4 A, 3
13.00 87.8 B?.2 85.6 83.8 B],.3 165 7240 684 65,3 62,5 b0, 51.9 55,4 531.9 §2.2 3.4 £,
13.25 478 87.0 85,5 83.6 81,13 T6.8 T2.2 68.6 65,5 h2.7 40,3 A0 Rb,.0 9% .1 5247 5%.7 409,72

. 13,50 8.4 86,8 85,6 83,5 81,2 12,1 2.4 ___6R.T__ 65,4 _4H2,9 0.4 58,2 Sl 54,2 . 52.%...5).89. 2,3
13.75 8743 867 85.3 Blsh  Blal - TT74% T2.6 6B.9 h5.8 63,0 60.5  6R,3 56,7 LT | 2.k 1.1 4n, 6
14.00 87.1 B6.5 85,2 83.3 81,0 TT.1 _ ¥2.,8 69,1 KS,9  AK3,2 60,7 A6 Rheb e, & &2, 7 1.1 4.k
14,25 8649 8643 85.0 EN a3.9  11.9 7.0 89,2 bha.1 3.3 AR SH.H f6.5 86,6 62.8 41,7 9,7
14,50 B&,.7 BB 2 B4,9 3.0 B8 11.9 73,3 69,4 h6,2 bl b 61,0 __ 58,7 560 H4,.7 3.0 __ 51,4 40,1
l4.75 86.5 86.0 84.48 A2.9 B).7 78.7 T3.5 H9.6 Bh ot hi. b 6141 4R, R 56.0 54.5 53.1 51,58 Av,N
15,00 Bbe4  HS5,9 84.7 A2.8 80.7 78,7 73,8 69,8 66,5 63,12 61,2 59,0 6.3 55,0 93,2 Blah 87,1

15,25 86.2 85.7 B4 Wb 82.7T 4l.6 Thaety Tbd,.0 70.0 46.7 63.9 Gle% LLPS 570 55,1 93.1% 51,7 5.7
15.50 A6.0 B5.6 - ) B2.5 Bl.5 T8.5 The3 70.2 56,9 54,0 hl.5 55,7 S5T.! 5.2 53,5 §1.9 6, %
15,75 85,8 B5.4 B4a3 82,4 02,4 8.5 Thots D% 7.0 4.2 61.6 86,1 57,1 5.6 _G1,4 2.0 . 50,5
14.00 B5.7 85.3 Bé.2 82.3 B3.3 TB. 4 T4.9 TNe& hTe2: Ht.3 3P 5, 5T.4 L8 53.°¢ LEFS | LR
16,25 85,5 Afal 84,1 /2.2 A2 T8.3 15,1 10.8 7.3 AA.5 Al.9 59,5 7.5 nh.58 3.8 f2,.2 55,1
16450 85,4 A5.0 83.9 82.0 8.1 78.3 T5.3  Tl.0 AT.S A ef A2.0 69,7 BT.h  GR,7  B&,N 2.1  §",A
16,15 5.2 B4af A3.1. Bl.9 _ #7,0 73,2 I8.4 1.2 87.7 htial 52,2 1.9 §7.8___Sh. R 66, £2.5 1.1,
17.00 B5.1 84,7 B83.6 8l.A 13.9 Thal 754 T1.5 hT.9 LEYS] 62.% A7, 0 57.9 4,0 L 7.k Ala1
12,25 84,9 _ BR4.& A3.4 Al.? _ 23,8 THal 2hats 1.2 400 A5.0 B2 b AN, 58,3 ___G4.1 56.13 52,7 51,92
17.50 B4.8 A4.4 83.3 8l.6 79.8 T8.0 Thed " T1.9 5R.7 65,2 42,46 A 2 BA8.1 5h.2 L1 A2, 8 51.3
1T.125 A48 A4.3 Alal Blak 19,7 17.9 Th.3 12.2 A0 L 4 ASad 52,7 50,4 58,1 545.3 fho 5 52,1 L4 '
18.00 B84.5 B4.2 83.0 8led T9.6 77.8 76.2 126 6A.6 h5.5 67.9 40,5 SR,4  Gh.4 84,7 RY,N 0 61,4

D-20




TAKEOFF EPNL GRID VALUE SET A3

___ Dist, From

Start of T/0
___ Roll {Mileg}

SITELYNE DISTANCE (MIIES)

CURRENT THREE ENGINE AIRCRAFT

———— Q 1/6 1/2 /4 1 1 i/6 1 172 2 34 2 2 bfa 2 1J? 7 ALY 3 3 1/e 3 142 1 3re f
2,00 110.¢6 107,77 104,0 29,0 LI 92.2 BY. 4 Bl.% B%.1 B3, Al.7 AfL3 19.3 17.8 28,7 5.7 76,18
2425 10849 107.3 105.0 9.8 95,1 2.6 B%. A B1.5 A5 .5 A3.7 A2 i T9.% T8.2 TT.l 74,1 TRt
2,50 107,77 106.9. . 104,71 ..100.7 95 .6 93.0 90.2 R1.9 AS.H A4, R2 .4 Al.D 19,7 T8.5% 774 15,5 15,4
2:78 107.1 106.,2 104,3 101.5 91.0 93.4 90,48 a8.2 6.1 A4.3 82.7 Rl.3 An.n TA. 8 TI.7 Th,h Th.7
3,00 1064 05,6 103.9__102.2 9t .4 93.8 90.% AR.S A% Bhef 83.0 Al...A 80,2 13,49 17.3 15,3 15,3
3,25 105.7 105.0 103.5 102.0 93 .2 Q4,2 91,2 Ak, 7 B&.T A4.9 R3.3 1.8 A0, 5 T% 3 7A.1 17.1 Thal
.50  t08,0 104,85 103,11 101.7 93.2 Q4,6 91.5% A5.0 Af.9 BR.1 A3.5 g2.0 BN, 7 r9.58 I8.4 713 b L |
3,75 104+5 104.0 102.8 101,2 98,8 95,1 91.8 A9,3 AT.2 Ah,% a3, 7 R2.2 AnLY T3.7 TH. A 1.5 TheH

%200 103,99 1034, l0P2a%..100.8 9B.5. 95,5 ___ 92,1 A9.5 AT.t B5.5 A3.9 A2. 4 ALl 79.9 8.7 7.7 78,7
4425 103.3 103,0 102.1! 100.3 98.2 44,2 92,5 49,8 AT.6 85.7 Ah,] 2.4 al.3 R3] TR 7T.% T4.9

e 0 50 10208 102,5  101.8. 99,8  91.9___9A.0... 93,0, 90.1 _ 47.9 B8.9.__84.3 . . A2.A Al.S 81,2 7q,1 78.3 &
%75 L02.4 102.1 101.1 9.4 97 .5 95.7 33.1 0.4 B&.1 A6. 2 R4.5 A3. 0 Rl. 5 0.4 T9.2 79.2 TT.7
.00 162.0 101.A8_ 10,5 98.9 97,2 05 . 4% 93,8 Q0.8 8.3 Afats Ah f Al.1 Rt # ANLE 9.4 19,1 7.3
5.25 101.5 10l.1 100.0 98.5 35.0 95,2 33,4 91.1 1.9 Bb.h AG.f R332 Blu% RO.T 19,5 Ta.5 77.5

5,50 10048 100.% ... 9% % 98.0 94,5 94,9 93,4 92,0, _B88.9 B6.8 a5.0 A1.5 82..1 3,8 5.7 185 115
5,75 100.1 99.8 98.9 97.6 95,1 94.6 93,2 91.8 A9,2 at.0 B5.2 LERY,) AR.2 %1.0 T9.R 74, T 1.7

000 _.99.58 99.2 98,3 97,2 98,R O fb... 93,0 91.6 89,5 87,3 A8 4 A3.n A2.46 _ B1.] 19.9 78.9 1.3
6,25 96.9 98. 4 97.A 96.7 B5.4  94,) 92.1 9.4 90,2 AT 85,6 R4, 0 B2.5 1.3 0.1 73.0 RO
DB 9.3 Q8.1 QT.% 6.3 Q5.1 g3.a Q2.5 91.13 9.1 AT.A A& 0 B, 82,1 al.4 an,.2 19,1 IR..1]
5.75 97.8 97.5 96.9 95,9 94,8 93.5 92.3 91.1 A9.9 At.9 Ab.l Rio b A2.9 1,5 AR 73,2 TRa?
T.00....9T7.2 Q7.0 ¢ 96. 4 95.8 L: TS 93,2 Q2.0 90,9 89,7 88,2 BEo RbobBo A3.3 8L.7 20,5 72,4 8.1
T«25 96,7 645 95,0 5.1 9kl 93.0 1.8 90,7 49,6 AR.5S Ah.6 A4, A A3, 2 Bl .ANLA 73.5 T9.5
Z7.50 95,3 96.1 95.5 94,7 93,8 92.1 91 .5 20.5 89,4 AB.4 AT h as.0 B3A 2.0 BO.T 79.4 8.4
Tal8 95.8 95. 6 95,1 LT 3.4 Q2.4 9] o % 90,3 A9.2 RBA. 2 A7.3 A&, 2 Al. h A2.2 A 9.7 Th.?
Ba00 25,3 Q.2 Q4.7 94,0 97,1 92,1 91 .1 an.1 A%.] AA.1 A7 A5, 3 A3 R RI.3 Bi.n 7314 IR, 1
B.25 94.9 9%. 7 Q443 93,6 92.8 9l.9 90.9 A9.9 AR.9 At.9 AT.N Bh.l ften 7,5 Ble? al.1 Th.9
B.50___94.5 94,3 93.9 93.3 92.5 9l . A on, 1 89,7 88,7 Al.A .. .RH.9 :Y- ) R4, 2 32,7 1.1 B3, 1 3,1
8.75 94.1 93.9 93,5 R2.9 92,2 9l.3 0.4 49,5 1. 19 R7.7 86.A A5.9 Re,? 2.9 Al.% 433 73,7

.00 93,7, 931.5% 93,7 92. 58 91.9 91.1 Qa?. . AT, ___BR.G ar.s AALhK a5,.8 A5.0 83.1 AL, 7 BA. 4 19,13
9.25 93.3 93.2 92.8 92,3 Il eh 90.48 90.0 8a9.1 AA.2 Ateh B4.5 85.7 94.9 A3.2. H1.9 BJ. A T3.%
9,50 92.9 S2.8.. 92,4 Q2.0 9l.3 Q0.4 A9.7 AHLD BA.D AZ.2 Ah.4 AG. & A4. R 4.0 B2, RY.7 9.5
975 92.5 92.4 92,1 a6 9l.0 90,3 B9,.5 BA.T  AT.9 A7.0  AR.Z  A5.4 Ak, T 3,9 B2,? 3.9 19,7

10,400 922 G2.1 91.8 9) .3 2l 90.0 893 AR, 5 BZ.1 Hf.9 Ahal 5.3 Bhah B3.8 2.3 AL 149..9

10.25 9l.8 9l.7 9L.5 91.0 9345 AA.R A%al Ad.3 At.5 Béut AR 5.2 Bh4e & R3.7 3.1 1.2 A%, 0

10,50 9] .5 9lsé .. 91,1 90,7 91,2 :LM) ALY AA,1 At.4% Hb. b A5.8 q5.1 4.3 B3, 4 2.9 Al.1 AN, 2

10,75 9l1.2 91,1 90.8 0.4 83.9 89%.3 BALH at.9 AT.2 LR A%.7 A%.0 B4, 2 3.5 AZ2.9 1.7 A, 3

11,00 30:9 90,8 FQ45 90,2 83,7 A9,1 BB, % 7.7 87,0 Ri,3 A5,.48 At. R Rl 93,4 A2.8 92,1 A%, 4

11.25 90.5 0.5 90,2 9.9 B3.4 BH.8 B8.2 87.5 B86.8 Bé, 1 BS. 4 4.7 B4.D . B3, AZ2.? LES A%. %

e 11,50 902 90,2 90,0 BY o b 82.1 Afe 6 B8.0 A7.3 (TP Ba. 0 A5,3 Abats 3,9 83,2 APk 82,9 Al.3

1L.75 89.9 89.9 89.7 9.3 B9 .9 BRa4 AT.H Aa7,1 86.5 A5, A A5.1 A4.5 B3.R 1.1 A2 .5 fle? 1,13

12.00 BT 89 & B9,.4 8941 HB .6 (:1: (. AT.0 Béa.3 BS.1 A%.0 a3 B3, T A3.0 12,4 Ar.A A,z

12425 B9.4 89.3 8941 a8.8 BB4h  BT7.9 ATu b B6.8 86,.) B5.5 R&.9 B4.2 A3, A 7.9 R2.1 At.? Rt. 1
1850 89,1 89,0 00.+8 88,5 82,2 A1.7 A%.2 Aba6 86,0 A%, 4 [ ) Atal AL a2,.8 2.2 21,4 At, N

12.7% #8.8 B8.8 B8.6 88.3 87.9 B745 B7.0 1Y A5.4 85,2 Ab. 6 B4.0 R3.3 a2.7 2.t Rl«5H al,n

W2 A5.56 BS.0 Ab, 4 3.8 B3,.2 R2.4 2.3 al,t 97,73
13,25 B8.3 88.2 48.1 B7.8 BT .5 B87.0 Béah A6,.0 85.5 84.9 A4, 3 A3, 7 A3, 1 A2.5 Rla% Rt g7, R
.k 85,9 A5.3 Bl B, 2 A3.5 3.0 a2.4 Al.B8 Al.3 43,7

13.75 B7.8 67.7 87.6 B7.,3 7.0 Bb.G 8.2 85.7 AS.1 Réb.h G4.0 Al R2,9 B72,.3% A .7 A, ? A1, 5

14,00 07,5 B7,5 87.4% A7, 8%.8 G644 B, 0 AS,5 85,0 Bo, 4 83,9 3.3 82,8 ar,2 1.5 81,1 AN, 4

l4.25 BT.3 ar.3 8T.1 Bb.9 A5 .6 86.2 B5.8 85,3 Ba4oh A4, 83.% a3, 2 R2. 6 . RA?.] Rl.H Al A B

14450 87.1 87,0 B6.9 6.7 B5:% _Bbhel BGab 85,1 A4,.T B4al 3.4 A3l A2.5 BR2.0 ) .4 an,9 A4

14475 B6.8 B86.8 85,7 Bb.4 86,2 5.8 85, 4 85.0 34,5 A4,0 B3.5 B2.9 82,4 Al.4 Al.3 RJ, R A7, 3

15,00 86,6 85,6 B4 4 A642 B%,0 RS,4 85,2 A48 84,3 B3.8 83,3 2.8 B2.3 81.8 Hl.2 8.7 4.2

15.25% Bbe % 86.3 88,2 84.0 B5.8 85.4 45.0 : LY} Ah,2 A3.7 A3.2 A2.7T - 62,2 Rl.7 .1 b R, 1

15.50 6.2 Bo. L 6.0 A5.8 A5 .4 a5,2 B84.9 B4.5 Ah.0 83.5 3.1 82.6 A2.1 Rleh AL.Y RJ.5 A7, 1

15215 899 05,9 85.8 B5.6 85 .4 85.0 H4..T A4.3 A3.2 B3.4 82.9 B2.t Al.o 8].4 1.1 A3,5 AA.n

16,00 85.7 B5.7T B5.6 B5.4 85.2 B4,9 A4a§ 4,1 B3.7 83.3% B2,8 R2.3 B1.4 Rl.3 RO.9 A4 . 17,3

16s25 8545 85,5 Boad 5.2 85,0 B4 4.3 B4.0 Bl.5 A3.1 R2.7 A2.2 Al.l 11,2 a0.8 .3 19,8

16450 5.3 85.3 B5.2 85.0 84,8 B, 5 B4, 2 87,8 A3.4 a3.n A2.5 B2.1 Al.6 Blal AN, vt k1.7 79,7

1675 8521 B5,1 85,0 84,8 Bhaf _ B4,3 B4, 0 B3.A 83,2 A2.8 A2.6  H|.9 AlLs A1.0 an.k A%, 13,5

17.00 8449 Bé.% 84.8 A4.6 Bhat 8441 A3.8 83.5 83.1  A2.7 42.3 1.8 Bl.4 83,9 LT ] 1.0 ta,s

1725 A4, 7 B4,7 B4 6 Ba4h, B4.2 84,0 A3, 7 83.3 82.9 2.5 A2,1 RL.1 Al.3 3.8 RO & 19.9 13.5

11.50 B4 B445 Baah B4,2 84.0 83,8 83.5 A3,.2 B2.8 B2.% 82.0 ql.4 Bl.1l Ad.7 AN.3 T9.8 T3.%

17,75 4¢3 B4,3 B4,2 B4, pa,g 83,4 83,3 B3.0 B2.7 A2.3 Bl.9 Al.S 1.0 Ak AN.? 6.1 73,1

18.00 Bhal 84,1 84.0 8§3.9 83,7 B3.5 83,2 2.9 B2.5 82,1 Al.7 Bl.3 an, s AN, 5 Ll | TS. A .2




TADLE 4D

TAKEOFF EPNL GRID VALUE 8kt B3

CURRENT THREE ENGINE AIRCRAFT

. Dist, From
{f T/O
tart of T/ SITELINE DISTANCE {MILES) |

. Roll {Mlles)

o] 114 12 34 1 1144 L 142 2 3t4 2 2. 148 2 172 .2 /4 3 AL A 1/2 3 A4n |

2200 113.9 109,9 101.4 97.3 9% .3 QD.GI A8, 2 A5.9 14,0 AZ.2 A0.7 T9.3 78,9 14,9 15.8 24.8 3.0
2.25 112.5 109.1 102,2 98.0 6.4 91.5 BA.T B,k Ab i B2.7 Al.1 79,7 T4, 4 77.3 The? TR.?2 75,1
2250 111.6 . 108,2.. 103.1 98. 46 95.3 91.8. A9.1 Bb.8 A48 . A3.0. Al.5...A0.1.. . TA.A b 55 DO R, Y- 75.5 br L9

275 1l0.4 10T.7 104,2 99.1 5.7 92.3 AB.5 87.2 ASa1 LETY Bl. R Al b4 79.1 77.9 ThH.R IATR T4.A 1
3200 109.0 107.% 105.0..99.7 98,0 92,6 A9.8 _B7.4 AS.4__ 3.7 B2.1 3,2 19.4 18,2 7.1 15,0 25. 1. :
3.25 107.8 107.0 104.8 100.4 %4 92,9 90.1 at.7 A5.7 A3,9 2.3 A%. 2 19,4 Ta.4 T7.3 Th.13 The i
3.50 1074 _10A.6 _ 104,5 _101.1 95,8 93,2 9n.4 AA.0  A6.0N _ A4.2 A3, 6 A1t 15,8 19,4 1.5, I1a.8 78,5 13

3.T5 107.0 106.1 104,22 102,23 97.1 93,5 Wb BR,2 Aba2 RG.4 87.8 Al.& 7.9 TH.A TT.7 Tha 7 6.7 ;
—4a 0010644, 108.6_ 103,99 _102,2 97.6 93,8 9.9 __BAG.. BAh.4 . A4 6 A3, 0. Bl.6.. .BN.2 . ¥3.0 1?.0 . 25,3 F6.0. K
4.25 105.9 105.2 103,86 102.0 9B.0 Fhal 9l.1 8R.7 LLTY.] R&.A A%.2 Al.? Ad, 4 7,7 TR.1 T7.] Tha

4580 105,73 104.8 103.3._.10L.8 98.4% Q4.4 91.7 BA.9Q Ak.48 A5.10 B35 Al.49 B, 4 19.4 78.3 71,2 14,2 i
4,75 104.9 104.% 103.0 10l.6 99.1 Q4.7 3l.6 A9.1 AT.0 A5,2 A3.5 R2.1 B0.A 73.5 THa Y TT.4 Thet :
.00 104,45 t03.9 102,77 i0l.2 98 .8 95,1 91,8 A9.3 87,2 A5.1 B3.7 A2,2 . AN.° 13,7 IB. 6 . 115 74,5
5425 106,0 103.5 102.5 100.9 98.6 95.4 92,1 89,5 B7.3 AS.5 83,9 A2.4 1.1 73,9 TR.T  77.7 Tha?
850203 A 1032 __102,2 __100,5_ 98,3 94,3 92 .4 . AQ,7..._87.5_ .. 85.2 84,0 A2.5 Bl.2 29,0 TA.A 11,8 T4h.3
§5.75 103.2 102.8 102.0 100.1 98.1 96,1 92.71 89,9 AT.7 H5.A 84,2 - B2.7 81,3 0,1 79.0 T1.N 74,9
11,1

_ ba00_ 102.8.102.5.-101.7 99,8 97..8 95,9 93,0 90,1 B7.9 Rb 0 Bh.A B2.8 . ...BL.S an,.2 79.1 7R,
6.25 102.4 102.2 101.2 9944 9T.6 95,7 93.2 0.4 Af.1 fAhel L R2.9 Al.4 RY,.4 M,? TA.? 17.2
S.50  _3102.1  101.9 inn.a8 qq9.,] 97 .3 05,5 83,9 ap.? AR A 86,3 Rb & B3, 1 AL 84,8 19.3 PR3 17,1 R
6.75 101.9 101.5 100.3 9.7 97.0 95.3 93,7 0.9 AR.S Bh.4 B4, T AY,2 Bl«AR Lo P9 Y 9.4 4,4 Tioe r
—eTalf 10l 44 _LO0L.0___ 99,9 _98.4 Q4 8. _058,) 9346 91.2 88.1 86456 Bh,Q A3.3 f2.0 RO,.T b 1- T S ¥ . 125 i

7«25 100.8 100.5 99.5 98.1 b5 94,9 Q3.4 92.0 AA.9 LLTY:] BS5.0 81.5 A2.1 an.8 T9.7 ) T7.4
——TaS0  100.3__100.0 . _99.0 [} D] 95 .2 94.7 53.2 91.9 B9.2 8.0 85,2 B4 §2.2 83,48 19.8 78,1 11,2
Tal5 9.8 99,5 98.6 9Te4 95.0 9%.5 9.1 21,7 89,4 87,2 85,3 83,7 B2.2 Al.0 19,9 78.8 7.4
A.00 [+1* N 99.1 90,2 97.1 98 .7 06,1 92.9 91 .4 A9 .4 AT, 4 15,8 A3 8 Al L gr.1 A0 1510 1.9 .
8.25 98.9 98.6 97.8 9haT 95 .4 G4l . 92.7 ke a90.2 AT. & 5.6 86.0 R2.6 At.3 A0.1 73.17 LT |
B.80 98.5 98,2 91.5 Qh.h 95 .2 93.9 Q2 .5 21.3 =] | AZ.A A5.8 BGa.l 82.7 Al . & 30,2 9.1 8.1
BaT75 98,0 97.8 9T.1 95.1 9%.9 923.7 92.4 91,2 0.0 87.9 A&.D B4.3 R2.8 1.5 R0 79.2 TR.7
.00, 97.6___ 9.4 _96.T 95,8 94,7 93,4 Q7.2 1.0 R9.8  B88.A 86.2 Bhiol B2.0 LN A . P 29.1 .3
9.25 97.2 9T.0 Fbrate 95.5 EL 93,2 92,0 90.9 B9.7 AR.7 Bfiale B4ob B83.2 Al.7? RO.R 7.4 78.3
9,50 95. 8 Gha b LT Q5.2 Q8.2  93.0. 91.9 90,7 A9 .6 8.5 RA.S A4 A Al.? 2y A 0.6 19,5 78,4

9.75. 96.5  96.3 95.7 94.9 93.9 92 .8 9.7 0.6 9.5 AR 4 Bl A&, 8 A3,13 A1 .9 AD.T T3.h LR J
T9.6 28,4 e

——- 10200 6.1 95.9 95,4 D4, b 93.7 92.4 91.5 90.4. 894 AfaA AT.% ASal Al1.5 A2.0 8N, A
10.25 95.7 95.6 95.1 43 3.4 924 91.3 90.3 89,2 88.2 87.3 B5.3 k1Y A2.2 0.9 19,7 .1
10,50 5. 95.2 G4, 8 Q4.0 93a2 92,2 9.2 AMNal A%.l BAL1__ AT.?2 R%.3 .81, R 2.1 Al.D 73.8 18.8
10.75 95.1 9%.9 bt 93.8 92 .9 G2.0 91.0 5040 B%.0 RR.N AT.1 Rhe 2 83,9 2.4 al.) 73,9 T, 3
11,00 94,1 Q4,6 Gi,l 93.5% 92.7 91 .8 90.8 A%.0 AR.H A2.9 - A7.0 As.l Ahal 2.4 Al.2 83,3 719,32
11.25 9% . 4 G4.3 93,9 ' 93,2 9246 Al.6 M.t A9, 7 RB.7 a7.n B6.9 Rb.D A4, 2 2.7 Al.4 7.1 0.1

— 1150 O%s1 94,0 93.6, 93.0 Q2.2 91 .4 9.t AD.5 AR . & AT.T A8 . _A5.9 [ 1] B2 .0 A).5 A1, 6.1
11.73 93.8 93.7 93.3 92.7 92 .0 912 90,3 BG4 BRa b Bls6 : 1.7 A5.A8 a5.0 LE Y] fleh 3.4 9.2
12,00 93,5 93:4 93,0 92,5 91 .8 Q1.0 0.1 89.2 B6a.3 AT.4 At.f 85.7 Ba.9 A3.1 Al.A 81,5 9.3
12,25 93,2 93.1 92.7 2.2 Gl.5 Gl.R 89.9 89,1 98.2 B7.3 b5 RS.7 R&.9 83,7 R1.9 R, 6 79, %
12+ 50 92,9 92,8 92.5 92,0 91.3 0.5 89,7 BA.9 Afatl AT.2 Bhatt N5. 56 B4 R RGN Rz2.1 ___AY.7T 1.5
12.75 92,6 92.5 92.2 .7 9l.1 9044 49.6 B8.0 A7.9 BTel A543 B5,5 L R3.9 92,1 47.4 19,7
13,00 92,4 9223 92.0 21.5 0.9 90,2 89,4 Af.5H B1.8 R7.0 Bfha?Z . 05,4 .. 3.9 AZ.2 Al.N 9.8
13425 92,1 2.0 9l.7 9l.2 93.7 9040 9.2 88.5 BV A6.9 Ab.l A%5.3 . .B4.5 A3.4 87.2 1.1 T9.9

e A3 908 9.7 91,8 91,0 93,5 #9.8 A9.1  BA,3_AT.5.__ 86,1 AKD _A5.2 84,5 3.7 A3. D A2 T P i
13.75 Glat 91.5 9l1.2 S0.8 1.2 89.4 BB.9 88,2 BTake Bh. & A%.9 85.1 Aba s 3.1 a1,n 1.3 13,1

14,00 913 9] .2 1.0 el 9.0 B9a.% BHLT £RLD A7.3 B8.S 5.7 AS.0 B4, 3 A3.h A2.9 AL.3 91,2 '
L4.25 9.1 91 .0 90,7 90.3 B3.8 89,2 B8. 6 7.9 A7.1 et Rbat Ré4.9 84,2 A1, 6 2.9 2.2 A7, 4%
14250 90.8___ 90,7 90,5 90,1 89.6 A9,0 AB. % A7.2 A71.0 Ahad A9.58 Ak, 4.1 3.4 J: N R2.1 q1.5
14,75 90.4 0.5 90,3 89,9 83 .4 8R.9 Ba.2 8T.6 R6.9 Réa, 1 LET) 94,7 R4.0 Bi.4 2.7 82.1 AN, 5
15.00 90,4 9043 9.1 89,1 A3 a2 BB.7T BA.1 AT.u4, 1.7 A, 0 A5.3 RS, h A3.9 A3.% A2, 8 32,1 T L
18,25 90.1 90.1 89.8 B945 B3.0 AB.5 Bl.9 87.3 Rba & A5.9 AG.2 Ao & A3, 3 83,2 A2.4 Al.9 Al.2

15.50 89.9 89,8 89.6 89.3 83.9 B8.3  AT.T  AT.1  B6.5 5.8  BS.1  Ab.4  AI.R R3.1  B2.6  AL.9  Al.1
15,75 9.7 849,48 9.4 89,1 A8 L.T Af.2 A7.6 A7a0 Af.3 L AS.0 T | 83,7 ai_n A2.4 al.3 g1 .7

16,00 89,5 - 89.4 89.2 BB.9 aB.5 BA.0 87.4 (LY} Ahe2 Bh. & A4,9 Ra.2 LY. A3.9 AZ.3 Rl.7 At.1
g2.9 RA2.3 Al.L 1.1

16428 89,2 89,2 __ 89,0 . . 88,7 BE.3 BT.A AT.3 1.9 Ah..l BS.4 B4.8 B4, 2 41,5
16250 B9.0 89.0 a8.n 88,5 a9.1 87.6 at.1 BheS a5.9 A5,3 Q4.7 B4l Al b A?.A A2,? .5 . 91,0
TP 4] 8.0 B8.8 B85 Ad.13 07.9 A7.5% BT.0 (TS R5.A AS.2 R h A% .0 R3.3 az,7r 82,1 a1 .5 [ T
17.00 Q8.6 BBeS 88,4 BR.1 87.8 8T.3 A6,8 86,3 85,7 A5.1 A4,5 83,9 A3.3 2.4 R2.1 81.5 89,9 \
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. B L Y ¥ - S, il 1 L Lf4_ Y 142 2 34 2.2 LA4 2 112 2 374 3 A_FLA A 122 A AL %
— 2200 119:3 107,0__. . 9%% _ 95.6 92,8 89,5 Be,9._ A4.6__A2.7 __A1,0 _ 9.8 ¥R.? TI.7 7.8 T4.8 _ 73,0 333
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a0 1052 10%.6  102.2 101.8 __ 93.2 94, .—-f8.9 85,9 A5.0 B3 Wh TB,3 27,31 ThD
6425 10449 104,3 103.0 101.5 99.1 Q4.7 91.6 89.1 AaT.0 R5,2 8.6 A2.1 0.8 T T3.6 TAS 1.4 Thel
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13.75 95.3 35.2 94,7 94,0 93,1 92.2 9].1 90.1 A9.1 AR.1 A7.2 RG,3 43.8 A2.3 Al.N T9.3 7H. R i
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SIDELINE DISTANCE (MILES

TABLE 8D
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2025 12242 10642 9A.5 94,8 92,1  BB.9  Rha2  fk.l A2.2 BN.5  79.0  TT.T Te.S TN.4 0 ThT Tioe 73.§
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CURRENT THREE ENGINE AIRCRAFT

Distance From
Landing Threshold

APPROACH EPNL GRID VALUE SET 3

TABLE 8D

SINELTHE DISTAMCE (MLIES)

{(Miles)
[s] L1/74 1/2 3/4 1 1 174 1 172 2 Ats 2 2 N4 2 142 2 324 3 0 Le A N22 3 3f4 5,
2.00 120.,3 90,5 19,4 13,2 69,5 £3.9 59,9 LT 53,13 S0.5 47,9 45,4 61,5 61,2 19,5 37.9 15,7
2425 119.8 92.1 B8l.1 14.9 .2 65.5 1.6 5041 5449 52.1 49.6 47.3 65,1 43,2 4let 19.° 3,4
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3.25 10846 94,7 84.0 7.9 73.2 6B.& L bt.2 58.1 55,3 52.7 0% “Ra3 6ha4 Ghab ©3,1 1.5
Ja50 10723 9.1 R4 18.4 3.7 H9a1 h8a2 Al.7 RALE 5548 §45.3 1.0 4A.R 45,0 46,1 P AL 22,1
1,75 1046.2 95.5 4.9 78.8 Téal 695 45.6 62,2 59,1 56,3 53.A8 Sl.% 49.3 474 45.6 L N | 4%, 5
e G2 00 10542 960 P52 T2 Th.S 69,9 _A6.D_ £2.4. . S9.5.  Sh.T  R4.2  51.9 49,8 47.8 ihal 4465 3.9
4425 104,32 6.5 A5.6 19,5 74.9 70.3 66,4 63.0 59,9 57.1 54.6 2.3 50.2 4R.2 4645 bty LETR
—— 4250___103.4 _97.5 A5.9 12.5 15.2 10.6 fh.A 43,13 A0 52.5 55.0 S52.7 0.6 4R A 46,0 LA5.2 3.3
4475 10245 97.2 D63 80.2 T5.5 Tl.0 6Tl 63,7 60,6 GT.8 5.3 51.0 5.9 49,0 wi,? 4R h hhal
S.00 _10t.A 96.9 Rhaby oL T5.8 71.3 hl.% h4,0 A0.9 58,2 58,7 §3_4 1.3 63,3 428 65,9 £%.5
5425 101.3 96.6 86.9 80,8 Ta,.l Tleb 67T 64,3 61.2 58,5 56.0 5§53.7 “Sl.6 436 47.3 G451 64,0
e 5450__101al__ 94.2 __87.3 Alal Tho3d_ T1.8 LB.O_ _hG.h 1.5 58.8 54,3 56,0 51.9 %9.9 Lft.2 hheb L5, 1
5.79 100.8 5549 876 B1.3 Thab 72,1 HR.2 64,8 t1.8 59,1 5he b 5443 2.2 53.2 GRS 65,7 59,06
_______ ba00__100.3 _ 95.6_  BH.O Al & __ThaA 72.3 88,5 A5, 6241 89,3 55.8 AL §2. 6 K3.§ Lt A %] 45,7
6e25 99,5 95,2 RE.5 Al.9 1741 T2+6 68.7 65,3 52,3 59.6 57.1 54.8 52.7 0.8 9.0 4744 48,9
fa b0 98,8 94,9 A%.0 AZ.2 71.3 22,8 . ARG 45,4 A2.A 9.8 57.3 55,1 51,0 51.1 Lg.1 42,1 L,
675 98,2 94.6 A% 4 B244 715 T3.0 6942 6548 52.A 6041 57.6 5%.3 53,2 51.3 £9.5 %7,9 NN
.. danO. . 97.5 . __ 34,3 9. % B2.1 Tlal . 3.2 [ P Ah 0 43.0 A0.3 57.08 855 [ PEA Bl .S L4 A LAY [ i
Ta25 9649 94.0 90.3 83,0 T7.9  T3.4 H£9.6 bb .2 63,2 60,5 5.0 55,8 53.7 51.8 R0.0 “A.6 L]
e Ta%0 _ 9644 Q3.8 0.2 A3ad._._T8.1 13.6 £59.8 IY- 653k 0.1 SR, 2 4.0 53.9 52.0 6042 e, 6 471
T475 95,9 93.5 90.1 B3.6 TB.4 T3.8 10.0 b6 .6 6346 650.9 5Rs5 She2 54,1 52.2 L1 4R,8 47,3
B, O0 95,4 3.3 90,80 R3I.G  FR.A  T4.0 0.2 Af.A A£1.0 % 1 RA.T _ SK.4 54,3 62,4 . -] AZ s
8425 94,9 93.0 89,9 A4.1  7%.8 The?2 1044 67.0 A4.0 41.3 5Ba9 Ghe & 5445 52.6h G0.A 49,7 47,9
.50 Q4.5 92.8 9.7 B4.Z. 73.0 by DO 0.6 hT.2 £i4.42 Hl.5 . R9.D Sh.R 54.7 52.49 51,1 La,4 49,9
§.75 94,1 2.5 89.6 A5e1 T9.2 Thab 0.7 674 bhah 61.7 5%.2 57.0 4,9 53.0 1.2 49,6 41,1
9,00 93.8 _92.3 ___A9.5 A5.% ir £ A 16 .8 70.9 A7 .4 hh 6 AY.0 59,4 57.2 55, 1 53,2 61.6 43,8 4.1
.25 93,5 32,0 A, 4 85,.A T3.7 T5.0 Tlel. 6&7.7 4.0 62.1 9.6 57.3 54.3 53.6 Al.h 877 49,5
9250 93,2 91.8 ny,2 B5.9 _ 73.9 15,2 1.3 47.9 G6.9 2.2 59.8 57.8 55.5 53.5 51,9 5.2 48,7
B.75 92.9 9l.6 B9.1 Aba.7 8).2 753 Tlate 6841 6.1 62.4  859.9  57.7 554 53.7 52,2 5.4 B9
o 10a00 Y9206 Fledt 0940 Bhab o Blaft 15a5- o Tlak AR 9.3 BZ2ub_60.Y 51.9 §5.8 3.9 52,1 5.4 49,0
10.25 92.3 9141 BA.8 Rhab 8l.7 15.7 Tl.8 .1 P} 654 62.7 60.3 5040 56.0 56,1 52,3 53,7 48,2
. 0.50 92,0 90,9 88.7. 86,5 . Al.0. . 75.9  72.0__ AR.A __AN.4  £2.8  A0.4  BR.P? &A1 69,2 B35 89,9 48,4
10,15 a7 90.7 B8.6 A4 Ble3 Thal T2.1 4B.7 85.7 53,0 60,6 L1 Y 5k S5%.4% G244 51.9 49,5
. hal Bl.&_ T6.3 22,3 8.9 £5.9 h3.2 . AN.A 89,8 LT 4.5 2.8 51,2 3.1
L1.25 91.2 90.3 88,3 B6.3 B2.0 6.6 T2a5 6941 b6, 1 63.6 60,9 GR.T Sh.6 S4.T 52.9 5143 9.9
__________ 11.50  91.0 90,1 . _BA.2: RAfha2 __  A2.3 _ _ Thal_.. T2.1 h9al G52 £3.5 Alal 5.8 Sh.8 56.9 53.1 51.5 1.1
11.75 90.7 89.9 BH.l At 82.5 Tt.0 2.8 6944 1913 63,7 Ala2 59.0 5649 550 53.3 51.% 57,7
— e 12000 WS _.__ 89,7 BA.0 BOal B2.6 71.3 T30 69.5 hbuh £3.1 hl.4 59.1 52.10 1) L2 A SL.A £1.3
12.25 90e3 89.5 B7.8 B5.9 B3l.4 T7a5 T3.2 69,7 bh.7 h4.0 615 59.3 57.2 55.3 53.5 51.3 57,6
L2450 0.l 89,3 B1.7 B5.8 A3,3 . 77.8 Ti.% 59,9 568 Lo, H1.6 LN 57,3 5.8 53,2 §2.1 1.6
12.75 89.9 89.2 HTeb B85.7 A3.zZ2 T8.0 1346 TOW0 7.0 h4,3  61.A 59.5 57.5 55,4 3.0 52.2 53.7
e 3000 L B8 89,0 87,45 05.6 Q3.1 ¥B.3_ P3.8 0.2  A7.Y _H&.6  H1.0 69,7 . S57.4 65,7 54,0 K2.4 5.3
13.25 89.4 g8.n A7.3 B5.4 B3,1 T8. 6 Thal 10.4 A7.3 fda b 621 %.8 57.A8 55.9 54.1 52,5 1.0
L350 8%e2  BB.6  8T.2  RAGad 83,0 . TRL9.. Tha2 _ TOL5___ 6246 AG.T  H2.2 80,0 57.9 A0 4.2 825 5l.l
13,75 B9.1 88.5 7.1 85.2 BZe9 TH.2 Taet 0.7 67,56 64, 5243 60,1 58,0 58.1 58,6 52.% 1.3
14400 88,9 88,3 87,0 8541 A2.8 J9,5 Tiatl 10.9 ht.1 £.5.9 5225 0.2 58,2 5H.13 LY 52.9 B1.5%
L4425 88.7 28,1 86.8 B4%,9 82.7 9.7 T4.8 1.0 AT 65,1 2.6 A0 & 5A8.3 Ghate 4,4 53,7 51,5
S ¥, 7510 - 88s% 98,0  B86.7 _ B4.8. . B2.6 . T9.7_  T5.l 1.2 58.0 65.2____£2.8 h0.5 4.6 LY 56,0 53,2 51.7
14.75 88.3 7.8 B&.6 B4aT 82.5 B0.% 751 T1a 6A.2 6544 679 &0, 6 5A. 4 G&,.7 54,0 3.3 51,8
-15.00 88,2 R7.T7 A6,5 . Rheb.. BR.5__ 80,5 P54 Llabo 68,3 65,5 63,0 43,8 §B,7 __GA.B  55.0.. 63,4 B1.3
15,25 48.0 B7.5 84,4 A4.5 A4 A0. 4 15.8 7Tl.8 68.5 65.7 h3,.2 50.9 5A.A8 55.9 Bh.1 53.5 5?2.7
1%, 50 A7.8 874 6.2 R4a3  RZ2.3 BO.3 Thel 1240 6R,T 65.8 63.13 1.0 50,9 57.0 LI} 3.7 R7,?
et 15,75 _A7+6._..87.2 179} 840 BRa2 .  BQad . That _ T2a2 AB.A__ 6H.0___63.4 Al 54,1 51,2 55,4 53.8 53,1
16.00 87.5 B7.1 86440 A4.1 42.1 80.2 T6.7 124 69,0 YR 63,4 h1,.,3 59,2 57.3 5.5 93,9 h.6
 _L&e25 _ BTa3__ 86,9 85,9 . B4.0__82.0._..80.1 AP J— N 401 bhad AT Al.b 59,3 51.4 1 S6.n LRI
16450 at1.2 H6.8 B85.7 831.8 Bl.9 a0.1 T7.1 T2.8 63,3 btk 63.A8 1.5 59.4 ST.5H 55.R G6.1 L]
l&s 75 7.0 BG46 85,5 83,71 Bl.8 AL D 171.3 3.0 6% .4 'YL ) A1 .7 20._g By o 5B 3 561 g5 .8
L7.00  B6.9  RB6.5 B5.4 B3.6 AleT  T9.9  TTed 1343 49,7 .7 béal 6L R 59.7  ST.R__ 56.0 54,6 57,9
L Ta25  B6ed 644 _ 85,2 83.5  Alaf.._T%a%. THa2 T3.8 _ 69.P ___ fA.B A4,2 _E1.9.__ G4.R 57.9 58.1 54.5 CEIL)
17.50 8646 86.2 a5.1 RI.b Blub 19.8 TH. 1 Ti.? T0.0 HT.0 LIPS 2.0 59,93 58 .0 5647 Gh.H 53%.1
SRR P - U - L T S ). 79 | B4, 5 83.2 BlaS 19.17 AL 74,0 10.2 £T1.2 56,5 82,2 40,1 9.1 A1 56,7 53,2
86,3  B6.0  B4.8 83,1 Al.4 7.6 TR0 T4aZ  T0.4 67,3 ab.T 52,3 SH.2 58,5 G%.R 83,3

' 18.00

-

60.2

D-25



TABLE 10D

TAKEQFF EPNL GRID VALUE SET A4

CURRENT FOUIt ENGINE AINCRAT'T

Dist, From _ BIDE; STANCE ( MILES
Start of T/O :
Rd“__mlﬁﬂi 4] 144 1/2 374 1 Llga 1 022 2 3/4 2 2_1ta 2172 2314 3 Y 1fe 3142 3 Afe %,
2+00 114,08 Jll.6 106,99 101.1 9741 938 51,0 08,7 _H6.r 85,0 83,4 92,0 An. A 19.6 I8.% 1r.5 Tk 8
225 112.6 110,9 107.8 101.4 9T.6 94.7 .4 49,1 BY.1 RB.4 93,R A2. % Al.1 12,9 TH.A TR, Tha9 |
250 111l.5 110.1 107.4 102.5 98.0 94.5 91.8 A%, 4 AT 4 i15.7 A4.1 A2.7 Al.t 1.2 79,1 13,3 11
2475 11044 109.2 106,68 103.1 9Bk .9 92.1 B9.7 A7.7 B5,9 G4 K2.9 Blut B0.5 ) 73.3 T7.4
R Y af __106.2  3103.4 9.9 Q5.2 92,3 ap.0 a0 B&,2 _B4.h B3.2 Al.9 B2 19..6 1.6 21.5% !
3,25 108.6 107.8 105.56 103%.3 934t 3545 92.6 an,2 48,2 Ad,. 4 Bh. 8 B3.4 R2.1 43.9 T9.8 9.8 T7.8 !
3,50 107.8 _107,.1 10S5,.1 102.9 19).4 95.9 2.9 N5 AR L& Be.f  A5.N0 a3 .4 g2.1 1.1 an,1 . 13,3 73,17 .
3.75 10741 106.3 10446 10Z.4 102.0 93 93,2 0.7 RALH  AARLA 85,2 B3.8 A2.5 al,3 AN. 2 79,1 TR.2 |
e 00 A06a2. 105.5 104.0 102,00 99.7_ __ 96.7__ 93,5 . 90,9 AfLA BY.0 . AS.& 84,0 82.7 a1, 5 2 T N, I T | 7R3 :
4e25 105.4 104.8 103.5 101.5 93,4 97,4 93,8 91,2 A9.0 H7.,? A5,.6 LR A2, .A1.% 1% L T3.5 TR, 5 ;
4250, 1047 104a2 103,00 1010 . 99.)...97.2. . 34,2 Qa4 9.3 Al.4 RR.A fih.3 3.0 91.8 0.4 73t T A ]
' 4,75 104.0 103.6 102.3 10044 98, T Q6.9 94.3 91,7 A9.% N7, 4 85.9 84.5 A3, 1 1.9 ADLA 13.7 T0,8 i
5.00 103,46 103.0 10¥.7 10041 L1 LY Qhah Q5.0 92,0 9.1 8y, A.___a5,.1 Afobh "A3.2 42,1 an.oe 13,9 r8.9 ‘
5.25 102.7 102.3 101.2 9.7 98.0 Ghete 94,8 92,1 9.2 A7.92 A6, f4.8 83,4 .A82.2 al.1 3.0 T8.7 1
_____ B0 10240 _101af 10056 99.2 9Y.F 96,1 G4 b 93,2 90,2 AA.1 Ak, h A4.9 A3.5 A2,3.——.41.2 Al 3.2 i
5.75 10l.3 1t0l.0 100.1 98,8 Q.3 958" 94,4 93,0 0.5 A0.4 N&.s B5.1 A3, 7T 82,4 1.3 . A3 79,13
000 _ 10T 10044 .. 99.5__ Bk 97D 95,6 94,2 92.8  of,t- 88,6 B6.B 5.2 8i.8 3246 —Blode— 83N 13,0 .
6425 100.1 49.8 9%9.0 97.9 9646 95.3 93,4 92.6 91,4 AB.R A7.D RSe4 B4,0 f2,7 Al.5% . 82.5 . 79.5 !
T8 943 98..0 93,7 92 .5 L. Ag9.1 At.2 18 & A4 1 A2 A al T AN A 10 &
6.75 99.0 98.7 98.1 9741 Gha0 - 4T 93,5% 92,3 1.1 89,1 AT7.4 85.7 Bha2 . H2.9 . . AlLA AT .. TH.7
perme o T e 9Bk 9842 QT.b6. Q6.7 95,4 Qb k93,2 92,1 0.2 B9.2 AT A 6.9 Bl ie Al,] 8l Ade B .23.1
T7.25 97.9 91.7 97.2 94,3 95.3 Qb o2 83.0 N.9 90.8 A%.7 B7.8 5.1 Ré.5 A3, 2 2.7 430 Th. 2
L..-_...T...Bﬂ__ﬂe,‘t,.s_.._91,.3q_.9m7.__95..9.__ 95.0 %93.9 92 .R.__ 91,7 M0.h o BE A BR.A 5.3 4.7 13,3 2.1 a1.1 27,49
T.15 97.0 6.8 5643 Q5.6 L LY. 93.6 92,6 aN.s Q0.4 A4 AR.5 BhaS A4, 9 83,5 2.2 81.1.. R
- .00 Sha5 Qh. 4 95.9 QR 2 94,3 93.13 92,1 91.3 90 .3 Ag. 3 BRR .3 AAQ.S a8, 1 a3 & 92 b Bl 2 an_2
Be28 96.1l 95.9 95.5 4.8 4.0 9341 92.1 9l.1 0.1 B%.1 AR 2 7.3 A%.2 83.8 2.5 Bla.% 47%.13 !
e Ba50 957 9H.5._ . 95.1 94,5 . 93.7 9.3 _91.9 ap,9 _B9.9 _.AQ.0_ B8R, 8F.2  BS. 4. . 96,0 A2 46 AL.S5 _ AY, 4 :
8.75 95.3 95.1 G4.7 9441 9344 92.5 9.6 40,7 3.8 88,9 AA,0 7.1 5,4 LLYS ! A2.A Al & AN, S
e 9,00 94.9 94,7 94.% Q3.8 93,1 92,3 91l.4...90.5.. _BA.b —BA,7 _RI.A Al.D RH.2 b3 A2.9 81.2 Bl.4
9,25 4.5 G ot G4l 93.5 92,8 92.0 91,2 M3 R%.4  AM.6  BT.T LT Rbal LY 13,1 Al1.9 AN.R !
9,50 Déhal 94,0 93,1 93,2 2.5 91.4 90,9 90,1 A9,2  AR.a  G7.k [T k.0 5.2 A3 B2, An.3 :
.75 93.7 93, 64 93,3 92.8 92.2 .. 91.5 90,7 A9, 9 A9.1° A8.2 BT, % LYY 85.9 15,1 A3 0 R2.2 LA1.D
oo L0000 9304 9343 _93.0. 9245319 ___91.2 . 90,5 A9,.72. 98,9 B8R, A7:3., AALG A5.8 85,0 A3.h B2.3 Al.1
10.25 93 .0 92.% 92.7 92.2 .7 91.0 an.3 89.5 Ag,? B7.9 67,2 A% BS54 7 84,9 Rb,? A2.e4 a1.1%
Jee X080 92,7 92.6 . _92.3___9)af9 . 8l.4 90,4 __90.1 89,3 AR, _.BY7.A __AY.0__ R4
i 10.75 92 .4 92.3 92.0  9l.6 9l.1 90.5 AR9.A Ag.1 AR, BT.A .A&K,9 Bh.2 A5 % B, T LY R2.5 Al.5
l__92.0 91,7 91 5 .
11.25 91.7 9l.% D14 9.1 946 90.0 B4 B8A.T At AT.Y 86,6 B5.% BS5+2 . B8%.5 R3,.? 3.7 Ata7
ceeab1e8Q  91a4  9les 9le2 9048 92,3 89.8_ A9,2  _AR.5 Ar.9. BT.2 B6.H 4544 Bhal Bast 93,8 R3.2 2,5 .
L1.75 9l.1 9l.1 90.9 0.5 9.1 89.6 89,0 Ag.3  AT,T AT.0 B6.3 85,7 AS. 0 4,3 A3, 7 B3.1 AZ.5 :
L2400 ' 90,9 __9Q.8. _90.4 90,3 A2.8, 8943 B8, A A8, 2 Bl.5_ 86,9 Bh,2 A5.5 6.9 Bha2 A3, 4 43,0 A3 4 :
L2.25 L1/ P 0.5 90.3 G0.0 B3 .6 R9.1 RB.A AR, 0 9.3 R6.T Bl AS.4 R4.8 Ré,l 3.5 2.9 R?.1
12.5Q 90.3 90,2 90,0 A9, 8 B .4 A9.9 BA, 4 Al.8 7,2 B&.b 5.9 8543 A4.1 G0 ALt 22.9 g7 .3 ;
12.75 90.0 590.0 89.A8 89.5 B3.1 Al. 7 AA.2 B87.4 AT.0 AE, & 15,8 BG.2 R4.5 93,9 A3 R2.7 RZ,.2 :
e efl. 8927 A9,5_  A9,3  _A8.9 _ BR.5. B8,0.  Bl.4 __B&,A._ AR,2  AS,A4 A5.0 _Qe.& AR 83,7 RI A mIY :
13.25 8945 89,4 B9.3 87.0 83,7, 8A.2 a7.8 ar.2 L LTS} B5,.,5 f4.9 A4,3 .7 RA,1 R2.5 A7.7 :
——123.50 _£2,2 09,2 89,0 88,8 BB8.4 ___BA.O.__ 87,4 87,1 AL.5 BS.0  BS.4  B4.B _PA&,? 33, :
13. 15 89.0 88.9 8.8 AB.5 80,2 Bt.A A7.4 86.9 Ah,3 A%, 14 A5, 2 4. b BA.1 93.5. A2,.08 AZ7.% Al.R ;
14,00 88,7 88,7 __B8,6 48,3 88,0 871.4 AT,.2 Bh,1 4% .2 A%.4 H5.1 AL A4.0 3,4 A2 8 _92.13 A} o ;
l4.25 88.5 Ha.5 B8.3 §8. L at.a BTats 87.0 8645 86,0 AS5.9 A4e.9 LITE R3.A 43,3 R?e7 - AZ,2 A1, 7 |
1430 88,3  86.2  8H,1 BY.9 __Bl.6 _ 87,2 _B8h.A.__ BA,3 _ 85.9 BS.3 R4e.A RB4.3 83,7 43,7 A2u6_ . 42.) al.5 !
14,75 88.0 84.0 BT.9 7.6 Al.4 87.0 Ab.4 5,2 A5.7 B5.2 B4,7 B4al R3.56 83.1 n2,.5 247 . . A1,5 !
R 18200 8 Tolr  BT.6 _ BTed_  A6eA. _ ROL4 ... BA,0.__ A5 5.—.—.—&5...0..__&5!.1—.—.—-5.‘!‘.0—.——.— L 4
15.25 a7.4 BY.5 AT.4 HY.2 87.0 Ahab 856.2 A5, A 85,4 A4,9 Bo.4 B3.9 B3t 9249, - 42,3 81,8 ... 81,3
15.50Q 874 87.3 at.2 a7.0 B5.8 Ah. 4 Ah,1 85.7 A%.2 84.7 AG,3 81.48 A3,3 A2.8 2.3 .7 91,3
—d8aT5 . BT.L_ 8.1 B7.0 86,8 Bbef  Ab.2_ 85,9, B5,8 85,1 A4.6  An.l Ik P & P 2.6 82,2 81,7 91,2
16.00 8649 B6.9 8648 8646 BS54 Ab. L 85,7 85,13 84,7 BR4,5 BR.D B1.5 83,0 92,5 A?.]  LRl.6 Rlal
— 1625, 80,7 86,7 86,4 Bh.s 852  85.9_ A6,5.  B5,2 4.8 B4, 3 03,9 A3 46 B2.9  AZ.4 .R3.0 8 —
16,50 8645 86.5 LTS 6.2 85.0 857 AS .4 85,0 A4.6  RB4,2 A7 3.3 RZ. A 32,3 Al.3  .Rl.% A1,3
16,15 8643 863 6.2 B&a0 B5.8 85.5 89,2 A5, A A5 .4 84,0 3.4 A3l a2, 1 12,2 81.8 1.3 al.d
1 17400 861 86.1 86.0 BS« A B9.4 A543 B5.0, 84,7 A4,3  83.9 A3,.5 R3.0 R2ehr LEFR Al.7 .ALl.? a3, 7
—k a5 Sah_ _B5.4 A5.2 B4.9___84.5 A4, A3,7 _Aa.3 842,09 B82.5 B2.0 1.4 Rl.1 an. 1.
17.50 4547 85.7 85.4 8544 85,2 8%.0 A4l 7 L R4,0 83.6 A3,2 B2.B A2, Al1.9 A% . 91.3 LRI
— 37,75 LA 4 L - A :
18.00 B8543 a%,.3 85.2 4%5.1 Be.9 4.1 Bboh B4yt A3.7 A3,3 A2.9 2.5 A2.1 91,7 Al.d  .HA,A an,s D-20/




- Dist, From
Start of T/0

_— Roll (Miles)

TAKEOFF EPNL GRID VALUE SgT B4

CURRENT FOUT ENGINE AINCRAFT

SITELINE DISTANCE {MILES

. RN SN W LSS W 2 S ¥ £ 1 1 174 1. 172 2 3f4 2 2 1te_ 2 V[P 2 314 3 A_1/746 3 1/2 03 gy 4
2200 118.6 113.3  104.4 9%, 7 95,0 92 . 89.9 A?a.? L n4,0 42.5 Al.l 79.8 T8.7 17,5 Th T 75, T
2,25 11645 112.8 105.3 100.3 L 2P 93.1 90.4 Af.1 6.1 B4, 4 B2.% Bl.5 An, 2 T7.1 TA.Y L Th,l
crmimrne e Bn S 1150 _112.1 104,10 1008 95,9 93,5 G0. A BR.5 Af.5 84. 8 3,2 al.B8 B1,5 79, 6 201 1.3 15,4
2.75 113.8 11l.5 107.1 101.2 9T .2 93. 4 9l.1 BEB.8 A6, A AG.1 83.5 A2.1 An,A T1. 5 TR, A 1.4 To, 4
— 3.00 112.7 10.9 _107.A._101.7 91..h LT | 23 I 89.1 B7.1 AS. 3. A3.8 A4 f11,.1 I%.0 1484 I n 25,19
3.25 1l1l.8 110.3 107.5 102.2 97 .9 Mot 9l.7 89,3 AT,.3 A%.hH 4.0 At. 6 Bl1.3 AN.1 79.0 9.1 7.1
.60 111.0 1097 1NZ7.1 12, A Q8 .2 Q4.7 91.9 B9, A ;T A N L Alied a2.8 gt . 8 ny. 3 . r i ) 771
2,75 110.2 109.1 106,7 103.9 9B .5 G%.9 22.1 AS.A A7,.A A6.7 Rb o d A1.0 Rl1.7 RJ, & TO. % TA,4 77,4
e e 800 L0945, 10845 106.3 103, 6 9.9 95,2 92,3 . 90.0. B8R0 BA.2  Bh.A H1..2 Al.S8 Ba. 7 29,4 19,4 12,4
4.25 108.8 108.0 105.8 103.4 99,3 95. 4 §2.6 90.2 8.2 Ah. b R4.R A3, & A2.9 AN, 9 T9.7 78,1 77,14
B0 850 10842 107.5 108,33 _103.1.....9%.4 95.7 92.8 Q0.4 BB.3_ RA.S 849 A3.5 R2.2 8.0 79.9 78,3 7r.a
4,75 10T.6 106.9 104.9 102.,8 10).3 94.0 93,8 9.5 [:1: 8 Ah,7 85,1 LETE R2.4 al,2 an.3 73,0 7R, 0
S.00 102.0 106.3. 106,58 __1082.4 10).0 96,1 93,2 9.7 4A.7 Bh 8 B5 .2 B3R A2.8 a1.3 A2 731 i 1: 98]
5.25 104843 105.7 104.1 102.1 93 .8 Q6.7 93.4 90,9 48.8 A7.0 AG.4 ARY. 9 RP. % nl,s ADLY T3.3 TR.3

e e B B0 _ 105,73 _105.1 103,77 10l.7 925 971.5 93,7 9].l . 89,0 Al 1855 Ahel R2_R Al.5 A4 T4 IR A
5,75 .105.1 104.6 103.3 101.3 93 .3 9.3 93. 9 91,3 A9.1 AT.3 AS.T A4, 2 A2.9 Al.7 RO A 79.5 TA, 8

....... ——ta00.._ L0 . 10kel .1 02.9.300.0 93,0 q97.1 94,2 q91.5 a4.3 87 A5, 8. AA3A... . 83, 0. AV B AN T3 A TR T
6425 10441 103.7 102.% 100.6 8.0 9649 Db b 91,7 B9.4 87.% 85.9 AL 3.1 Aal.3 Al.A 19,7 A, 9

H.50 03 s 1032 1n2.0 100,13 SALE Q5.7 aQ5.1 Q1.9 A9, 5 822 8460 B b aa.3 22,13 - W Wy | 231 2403
6475 103.1 102.7 101.5 99.9 9Ra? 96.5 9,9 92.2 89.8 87. R Ah.2 A4, ? B33 A2.1 1.0 T3.9 7.1
v a0} 1024610242 .- 100 ad 9% A . QR0 . 96,3 96,8 92 4 90.0 88.0 85,3 fh, B 0%, 4 a3.2 811 g3.n 79,
T.25 102.0 101.7 100.7 99,3 ATa7 96.1 iy by 93,2 80.2 ALl 8644 Ata9 R3.5 R2.3 R1,2 3.1 79,1
vremien e Fa80L 1005 10142 1002 98,9 . 80 ab 959 _Gh.b 93,1 S0.1h AA.3 6.5 as5..0 A3.5 B2.h 81.12 83,2 9.9
T+75 101.0 100.7 99,8 -98.6 97.2 95.1 4,3 92.9 G0 AR.S Ah.T A5.1 83.7 R2.5 Aled 11,3 73,3

B.00 _ )00.fA 100.3 Y. 4 95,1 94 .9 95.5 94,1 53.R [T, A a8, & 44,8 85,2 ALA n2.4 Al.g a1k 0 s
B.25 10041 99.8 99.0 97.9 . b 95.13 93,9 2.4 1.4 AR H AT.D AS.4 - Re,D 42.7 Bl1.3 3.5 T9.5
e e —-— BaBD._ . 99.1 98 .4 98.1 Qlabs Q5 o % q58,.1 91,8 92.5 91,3 49,0 B71.1 A5,5 Rl 82,8 1.6 83,4 by Lo Y
8.75 99,2 99.0 98.3 97.73 5.1 949 93,4 92.4 9l.2 B9, 1 B7.3 A5.6 84,2 AZ2.9 A1.7 RY.A 14,7

. S.00 98.8 Q8.4 97.9 97.0 95 .19 Q4. A Q31,46 9242 . 81l.1— .90.0 Bl.h _BRA,7 _ A%.,3 93,0 __ 18

.25 FB.4 98.2 Gt 6.7 95. 6 Db oty 93.2 92.1 90.9 A%.9 At.h AR, D B4, 4 LR | 51.9 LN T9.°
.50 A ot 91.8 97,1 Dbale  9a .4 Shal 93,1 91.9 gn.g . 89,7 RT.7 an, 0 4,5 [ ] az.n L] 70,3
.75 9T.7 97.5 96.9 9he1 95.1 94,0 92,9 91.A 0.7 A9. A 7.8 Af,. 2 A, 6 A1.3 2.1 1.3 L
el @200 97,3 97,1 a6 95.8. 9449 1.8, 92.7.. Qb M.H.... HI.5 8.4 A4.3 Ahafl 81,4 32,2 91,1 91,1
10.25 6.9 96,8 F6e3 9545 %46 93,6 2.5 91.5 0.4 R4 RA.S 118 84.9 A3,5 nz.n Al.1 47,
10.50 Shab 9645 9h.0 95.2 Q4 o 4 93.4% G2.% 91.3 S0.3 A9.13 BA. & LWL as,n 3.4 B2.0 al,.2 AN, 2
10,75 96.3 9641 95,6 95,0 Ak.1 93.2 92,2 91.2 90,2 R9,2 ARR.I AT,& AS,? RI, T A2.5 31,3 A1,
11.00 5.9 95,8 95,3 94,7 23.9 93,10 92,0 21,0 0.0 R9.1 qi.2 A7.3 AS.7 :EWAL] 43,8 2.4 ;e TR
11.25 95. 4 95.5 95.1 Qéaty 93,6 92.8 91.8 0.9 89.9 A9.0 LL I At.2 AS.4 36,0 R2.7T a1.5 AY. 6
L8O 95,3 _. 95,2 94,8 Q4,2 93,4 Q2.0 a).4 9n.1 AY9.,A AR.9 an.n 97.1 B854 94.1 42,8 Al . A Ar.5H
11.78 95.0 94.9 4.5 93.9 93.2 2.4 1.5 0.6 R h Ag,. 9 A7.9 R7,.0 Ak.2 A4 .2 2.9 Al.7 A%, 5
12,00 %47 Q4.6 Q4,2 93T 93.0 2.2 21.3 0.4 49,9 Af.A BT.8 84,9 ARl A4,7 431,17 a1.9 an, 7
12.25 Ghed 94,3 93.9 93. 4 92,7 92.0 9.1 90.3 A4 AR5 AT, T 84,9 Rh.l LY 3.1 Ri1.R a1, 9

12,50 9441 94,0 93.1 93,2 92,5 91,8 20,9 90.1 99,3 AfA.% 7.4 A& A RA.D L) B3.1 82,1 AN, g
12.75 93.8 93,7 9.4 92.%9 92.3 9l.5 Q0.8 0.0 RO, AA.3 AT.9 RA.T B%,.4 LU | 83.4 R2.t B1.7
13,00 93.:6 93.5 93,2 2.1 92.1 9.4 9.6 89..8 9.0 ARL.2 Alats A4.h4 A5.0 A5.1 a3, 4 33. 3 21,1
13.25 93.3 93,2 92.9 2.4 91 .9 91.2 MW b 89,7 HR .9 AR,.1 AT.3 AG.S B5.7 .BA,0. RA3.4 2.3 .Al.?
- Y- 1+ ] 93 .0 2.9 92.1 92,2 1.7 91.0 90.3 A9.5 ARl 81.9 Ala2 A&.% RB.T B4.9 84,2 82,4 21,13
13,78 32.8 92.7 2.4 2.0 9.4 90.7 0.1 A9.% AR b AT.R AT.1 LT} BS. & R4.9 B&.2 . B2.5 . Al.4
14,00 92,5 2.5 92,2 91.8 91,2 90,6 B9.9 7.2 0.5 RY.T RAh.9 A/ AS. 5 A48 L3/ A3.5 al1.5
14.25 92.3 92.2 9.9 91.5 91.0 0.4 AR,.A 89,1 AA.3 AT, 4k Rh. & A5.1 BSe 4.7 14,9 A% q1.4
el 2080 92,0 91.9 91.1 41.3 93.8 90,2 BO. B AA. 2 AR.2 [ Iy LA Af.? A5.0 A5.2 Ababh o AG.0 B3, 91,7
14,15 Gl.8 91.7 9.5 9le1 2).6 90.1 BYat AR.A AA.1 AT.? Af.6 B5.9 AR.? ARG, 6 A3,.3 83,1 AL, 7
1800 9lab 915 a3 20.9 9.6 89.9  A%.3___BB8.6 _ BY.9 Q7.2 Ah.5 BS.B_ _ AS.1 4.5 83.8 93,2 41,7
15.25 9l.3 1.3 91.0 90.7 3.2 89,7 B2, 1 BA.S B7.8 ATl Al b Re,T AS5a1 Moy b 43,1 R1.1 A2.5
15.50 9la.1 1.0 90. 68 90.5 3.1 R9.5 RA.9 8843 AT.T RT.0 Bhed AS.h RGN Rt,3 A%.7 A3, 1 RZ2.5
1515 _ 9049 __90.8 _ 90,4 90 o 8B.B  AA.2. 87.5. B6.%....84,2 . . A6.5 . A4,0 _A64.? B3I R 93,10 a3 4
16.00 90.7 90.6 G0, 4% 90,1 ag.7 B9.2 AR 6 88,0 BT.4 R&A A6.1 BS.4 R4a.R 84,2 A3.% L] A%.3
e e L0285 900 % 904k 90,2 89,9 89,5 89.0 _PA.6_ AT.9 AT Ak.6  ARSD RS.4&  R4,.7  an.} 93,5 82,5 . 821
Lée50 90.2 90.2 20,0 a%.7 3.3 88.A BA.3 B1.7 a7.t H6, R AG, 9 A543 Aa. b A4.0 A3, 6 A2.% LF
164,78 90,0 90.0 A9,.8 49.5 83,1 BH,T AR.2 A1.6 At.0. Y BA.A 6.2 BGaf 3.9 3.1 Bz2.7 R2, 2
LT.00 89.8 B9.8 89,6 849. 13 43,0 88,5 88.0 °“AT.5 6.9 Ahe3 a%.7 B%.1 - At.5 LEPY] A3,3 . A2,7 R?2.1
...... —LTe23 09,6 89,6 P94 89,1 B9.B 86,3  RI.9 RT3 AAA  AA2  AS.6  AS.0  Ra.bh  AILA RILD 03 .5 a3 9
17.50 B89.4 BY.4 8%9.2 Ag,0 A8 .4 88.2 AT7.7 AtT.2 Ab.6 Ak.l - B%.8 Bh.9 e, 13,7 A3.1 A2.5 q2.0
........ 17475 . 89¢2.. 892  09.0 __AB.0_ B8.4 8RO  AT.6._ _82.0 86,5 B5.9__ RA.bk__ B%.8 B%e2 . B3.b___ 83,0 83,6 A1_3
l18.00 89.0 89.0 84.A 8R. & B88.3 B7.9 87,4 B&.9 Ahete 85.8 A5.2 Aa.T Ab.l 3.5 A3.D . AZ.s [l.9

TABLE lIp
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——— Dist, F

From

TAKEOFF EPNL GRID VALUE SET C4

CURRENT FOUR ENGINE AIRCRAFT

start of T/0
—-- Ttoll {Milas)

BITELIHE DISTANCE (MITES

TABLE 12D

.

—_ O VAW Bt ) LV 1 A2 203 8 2 2104 2. 142 2 344 3 A 1446 3 L/2 3 304 e
2.00 125,5 110.% 102,77 98,2 94,5 9),3 A8, 7 __B6.5_ . _A4.h __82.0 Al.4 an.t TH.R 77.1 14,7 6.7 Th 8

2,25 122.1 111.3 103.6 99.9 95,2 9r.7 89,2 B7.0  AS5.] 3.4 Al.0 AN, & 79,13 TR.? 7.1 T4 T8,?
e 880 L1828 1244 1042 __9%,4_ 95,7 92,4 ._8%.7_ . AT7,4 . H5.5.._A3,8___#2.3 A1.9 79..1 18.5 A A R T V. W L DS 1
2,75 117.9 113.2 104.H  99.9 95.1 g2.8 90,1 RT.A A5.9  R4&,1 A2eb Al1.2 an.n TA.A 7.0 4.9 75,9
e e —e3e00__116,4  112.7__105.5..100,3_ 95,5 . 93,1 90s4_.__ BR.1 _ Ab.2  BA.4_ B2.9 _81.5- B2 19.1 78.0, 71.1 r L7
3,25 115.2 112.2 106.0 100.7 95.0 93,4 Q0.7 AR. 4 Rbal fin,? A3.2 Al.A ad,s T3.1 TR.? .2 Th.?

3,50  114.2  J11.8 106.8 101.1 97,1 93,7 ___ 91,0 88,7 __ 84,7 . BR4.9 Biat 2.0 an.7 713.5 I0.8 b 3 Y 15,5

3.75 11343 111.3 104.0 10Ye4 97,3 Q4.0 91,2 B8B.9 Hb.% R5,2 #3.6 82,2 an,9 7.7 8.7 .k The?
20011246 __110.8__107,8__1Q1,4 746 94,2 LAY A9.1 _ AT.1l . AS%.% _ 83.B. __ _B2.% Al.l 73.9 FH.18 218 75410
.25 111.9 110.3 la7.5 102.2 97 .8 L 9l.5 B9.3 R7.13 A%, 4 84,0 A2.h Al.3 Ad.1.  7R.D0 TR 77,0
e 30 LLLls2 10909 _107.2 102,79l 94,46 9148 89.5 . AT.5 .—B5.7.__.Bh 2 ___R2.T Hl.4 3.3 79..2 7h.1 72,2
4,75 110.6 109.4 105,99 103,1 93.3 94,8 92,0 A9.7 A7.7 A%.9  A4.3 BZ.9 Bl.h .4 79.1 74,1 7.1

5,00 11040 _10B.9 _ 106.6..103,8 8.8 95,0 92,2 29,9 A7.8 -] A4.5 A3.0 81.7 A1, A 2094 28 6 77.5

5.25 109.5 108.5 106.3 103.6 98.9 98,2 92.3 90.0 RALO A&, 2 Rbst 43,2 Al.9 an.7 T9. h LI Phen

e 5a50__ 1089 108,105, 10344 . 932 35,6 .. 92,5 90,1 . H8.1. 86,3 R4.T.. _83.3 g2.2 8.8 79..T. 8.7 I7.2
5.75, 108.5% 197.7 105.5 103.2 92.5 95.6 92.7 90,3 28,2 R4h,5 R4.0 13,4 82.1 47,9 79.R LLPY] r7,A
e 00 __ 1080 _L0T,3. I05.2 103,0. 103.4 9590 92.8 Q0.4 Af.f. . A6.6.. A5.0 83,4 A2.3_..._91.] 793 13,9 8.7

6425 107.6 10&6.8 104,9 102.7 107.3 80,0 93,0 90,6 RR.S RG.7 A5.1 R3.T AZ.4 1.2 AN} E L] 7R,

§250 107,) _106.,4 104,56 102,5 103,101 96,3, 93.2 90,1 B8.6. B4,.A 8547 A3.8 A3,.4 61,3 L) 211 28,2

6475 106.6 105.% 104.3 107.2 9.9 96,5 93.3 90,8 8.7 Ah.9  RS.3 R3.9 R?.6 Al.% Al.3 1.2 7,1

TeQD _106el__105.4 . 104,0_101.9 _ 99.T7 _96.7 . 93.5.___91.0 8.9 _AT.0__ 8%.4 . A4.0 82,7 a1,% 80,4 21.3 TAL L

7.25 105.6 10%,0 103,7 101.6 9.5 Q7.5 93.7 9l.1 A9.0 87,2 A%.5 R4.1 AZ.A Al.% Al.% 714 Ta,4

e LTe50. 10502 1047 103.3 10144 . 93.3_ 97,3, 9%.%_ 91.3 . _89.1  _AT.3 . AS.6 B4a.2___82.9 _ R1.7 __.4an.4 _ 3.5 78.5
T«75 10448 104,3 10%3.0 .10L.! 99.1 9T.2 Q4.1 L. R3,?2 AT.% RG. T A4, 3 R, 0 At.7. Ad.h 7.4 TR, R

9 oT..L 94,3 91. 6 A9,1 AZ.5 A5.8 Ab.b A3,0 al1.Aa. . An.z 23,1 0,7

B.25 104.0 103,86 102.3% 100.6 9R.7 .96.9 94,3 91.7 9.5 AT.& RA,Q RG .G 83.1 1.9 an. R 73.8 1R.%
8450 103.6_103.2  102,0..100,3 98,5 96,1 __ 95,1 91,9 BY.6__ BT.7 86,0 84.6 B3.2 RP,.0___ 80,9 23.0 28,3
A.75 103.2 102.8 101.6 100.0 8.3 96.6 95.0 92,1 A9, 7 AT.0 Ak, 1 Baoh A3,13 A2.1 Rl.2 9.9 78,7

e 3200 102.8 _ 102,4._10),3___ 99,8 98.]__ 96,4 96,9 - 92,3 _A%.9__AT.,0 _ 86,2 . A5.T Bl.4 82,2, .81.0. __A3.0 77.2
9.25 102.4 102.0 10G.9 99.5 97.9 96.3 Q4,7 92,4 90.0  AR.0 R&, 3 R4, A A%.5 82,2 Bl.1 A%.1 749.1

9,50 102.0 10l.6 _ 100.6 . 99,2 97.7 _ 86,1 S4,6 93,2 90,2 AA,1 b4 4,0 Bl.5 82,3 Rl.2 93,1 23,2

9.75 10l.6 10L.3 100,3 99,0 97.5 Q6.0 94.5 93,1 90.4  BR.1 Rb,.5 AS,0 Ri.h 2.4 a1.3 R1.? 79,7

L0400 1012 100,9._100,0____ 98,7} ‘?I.L?'_.._?L_ﬂ__’zdik. o) .. 90,5 BA,4  8&.6_ RS.) 83,7 82,5  §1.7 __ Ay 79,3
t0.25 100.9 100,5% 99,7 98, 7.1 95.6 V4.2 92.% 0.6 AA,.5 RE.T A%5.2 A3, B 7.5 Al. &% 7.3 79,4%

R .. 10450 100.5_ 10002 99,4 $A, 2 94,9 95,5 94,1 92.8 9046 AR, T A6, B LK) A4 93,4 Al 8.4 19,4
10.75 100.1 99,9 99,1  §8.0 95,7 95,3 94,0 92,7 91.4 " BB.A  RALN A5.3 AY.9 2.7 Al.S 9.5 79.5

11.00 99.8 99,5 GB.A  9T.?  9h.5 95,1 93,8 92,§ 9].1 pe,n  At.1 RG,. & 85,0 A2, A8),.4 R31.5 0.5

11.25 99.5 99,2 98,5 ~ 9T.5 94,3 95,0 93,7 Q2.4 9].2 89,1 87,2 RG.6 84.1 A2.R A7 A%%h 79,4

. 11,50 99,1 98,9 98,2 87e2 _9%.1 Q6.8 _S3sb 92,3 Qle2.___R9,1 __Aa71,3 N5.6 A2 92.9 1.7 81,12 79.1
11.75 Q8.8 98. 6 98.0 97.0 95.9 Q4.5 931.4 Q2.2 9l.1 90,0 AT 4 A5.7 84,13 A3.N A1.R RY.7 70,7

. _l2.00  98.5_ 98,3 97.7___96,8 _ 95,7 94,5 _ R31,3 92,) 1.0 A9,9 RT.6 05,8 R4 83,1 81,9 A%,8 19.9
12,25 98.2° 98.0 9T.4 94,5  95.5% 94,3 93,1 92.0 N9  A9,R8 R7.7 A6. D AR 6 41,1 41,9 81,39 19,9

12,50 97.9 97.17 97.2 9fh,3 95.3 Q4.2 93,0 31,9 an,.a A9, 7 R7.8 Ah,L A%, 5 A3,2 a2, 0 A8.9 70,0

12.75 7.6 81,4 96.9  9b.] 95,1 94,0 92,9 91,4 0.7 A9.h  A7.A Afa 2 84.5 A3.3 A2.1 Al.0 0.0

13.00 T4 9742 96,6 95.9 94,9 93.R 97,7 _9l.8 9046 BO9.,4_ AB.A _ BA,3 Bhal . 83,4 p2.2 At.n 81,7

13.25 97.1 96.9 Q6.4 95,4 94,7 93,7 92,6 O1.5 a.%  A9,5 ARS RA. 6 R&.A R3,5 A2.? ar.1 8.1

13,50 9648 9he6 96,2 95,4 _ .5 93,5 92.5. 9.6 90,4 09,4 AR.% RALS 5,0 93,5 92,3 _4at.2 an,

13.75 6.5 6.4 95,9  95.2 94,3  93.4 92,3 91.3 9¢.3 89,3 AR, & A&, S 85.1 3.6 AZ.4 9.2 An,?

14.00 96,3 6.1 95,7 5.0 94,1 93,2 97,2 91,2 .2 AQ,? AAL 1 R7.6 . A5 2 93,7 TN 91,13 an,1

144,25 94.0 95,9 95.4 94,8 94,0 93.0 92,1 91,1 90.1 9.1 RA.? 7,3 - A%,1 83,R R2.5 8.4 1.3

14,50 35.8 95.6 95,2 94,56 93.8 92,9 31.9 n, 9 AM,9 A%,n AA. 1 1,3 85,4 33,9 82,4 Bl.6 80,6

14,75 95,5 95,4 95,0 4.4 93,6 92,7 9l.8 90.8 9.9 9.0 AR, 1 A7.? RE. & 84,3 82,7 A5 An,5

15.00 95,3 95,2 94,8 94,2 3.4 92.6 _91.T7 90,7 RG.R AR,9  48,D 87,1 5.4 Be,1. R2,9 Bl.% 81,5

15,25 95.1 9% ,9 Qa.h 4.0  93.2 9204 9145 .6 89,7 BA.A A7.9 BT.1 R, 2 Abe2 42,9 B1.7 Ad.A

15450 94 .8 .7 94.3 3.8 93.1 92.3 L1 Y 90.5 89.h an,7 R7.H R7.0 Ah,2 A%, 7 R1,0 Rl.7 BY.4

15475 Q4.6 94,5 94,1 93,6 92.9 92,1 91,2 90.% 89,5 ARLA AT.T 86,9 Bal 94,4 91,1 81,0 A~z

16.00 4.4 94,3 93.9 93,4 92.7 9.9  9l.1 90,2 A9.4 A8.% AT, T RA.A A1 AG .6 81,1 Al.9 /1,19
________Lh.Zh___ai.z___sﬁJQ___SBJI___SIJ2___3..h___51J3.__914n an.l HR.3_ BA.4 .. AZ.6 A4, A AR.0 85,2 . £3,3 A3.0 95,9
16,50 93.9 93,8 93.5 93.0 92. 9l.6 90.8 0.0 9,2 AB.3 A7.5 Bh,7 A5,0 LL - A3, 1 R2.1 A7,3

16415 93,7 93,6 93,3 92,8 qz.z 91.5 ___90.7 9.9 89,1 88,2 _Al.4 Rh.h BS.9 35,1 1.6 An, 2 81,1

1700 93.5 3.4 93.1 Q2.7 92.0 1.3 90. 6 ag.a f9.0 AR, 2 AT. 4 AG. & A5, A A5.1 FENA R3,? RY.1

17.25 9303 9342...92.9__92.5._91.9 91,2 S0.5 n9..7 A8.9 8.1 AZ.3 5,5 A%, 1 85.0 a3 4 Ay, 1 LT

17.50 93,1 93.0 92,7 92.3 91,7 9l.] 90.3  89.6 88.A AR, N a7,2 Rha 4 85,7 85,1 94,73 R2.% a1.2

17.15 929 92.. 2.1 __9l.6 20,49 90,2 B9.% a8.7 A7.0 AT.1 Rhelr AS.h 86,9 A6.2 K25 a1.1

18.00 92.7 92.6 92.4  91.9 Al.4 890.4 90, 49.3 a8.6 A7.8 at.0 fhed RG.4 A%.R a4,7 7, % A1, %

==




TAKEOFF EPNL GRID VALUE SET D4

|
TABLE :ai

CURRENT FQUR ENGINE AIRCRAFT

— Dist, From

Start of T/0

— Roll [Miles}

STISLINE DISTAICE (MILES)

Q 174 1/2 3L 1 Llsfg. 1 VS22 374 2 2174 2 1/2 2 _3f4 k| 3144 142 3 374 LY
2,00 136,77 108,46 100.6 [ T- 92,9 A9.8 BT.2 BS.1 83.3 AT A2 78,9 I71.A 4. 7. 15,56 Ta.1 13.3
2:25 129.5 109.6 101.9 97,4 93.9  90.7 A8.1 85,0 H6.1 82,4 80.0 19,6 78,4  TT.3  TAL1 76,3 Ta.t
2.50 125.3 11D.5 1078 98.2 G4, A 91.3  FH.T  B&.5  A4.6 . 82,9 AY 4. A0.] 78,9 220 I 2 UL I T T
2,75 12246 11142 10344  98.8 95.1 91.8 89.2 16.9 85,0 RA1.3  AlA  A%G 722 79,1 77,1 74,1 183
;.gg i:g.; 1:;‘0 104.0 Qg.2 Qh.h Q2.2 Bd.5 AT .3 #8464 83,1 a2.2 3.8 13.5 I8k i i B | Tk-l 1:‘;
. . w4 106.5 99,7 95.9  92.6 89.9 87, 5.7 B4, 82.4 A 79,8 TH.T
3.90 117.4 113.0 106,80 lﬂn.ﬂ QL2 g2.9 g0 .2 87 2 2& ;’..: Ak :o' ﬂg 2 ﬁE.lﬁ 2a..1 7‘: (1] ::.: ::‘-'l’l’ :2.:
3,75 116.2 112.7 105.4 100,46 95.5 93.2 60,5  BA.2  86.2 R4.5 A2,9 Al.5 81,3  Ta.1 7R, 77.7  Ta,]
bafl  100.7 95,8 93,4 90,7 ___88.4 Ah.b A4.7 Al 817 a0, 8 79.3 2,0 11,2 26,4
%25 11%e5 111.% 106.6 101.0 97,0  93.5  90.9  88.6  B86.6 R&.8  A3,3  B1,9 AN 7 73,5  7B.6  T7.4  TA.S
— 111,65 107a1 101230002 93.2 . @lel  BB.A....BA.B_ 85.0 . .B3.5 82,1 _AI.8. . 73.7  IB.A - TI & _TA.L
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5.75 110.8 109.6 107.1 103.0  98.2 94,7  91.8 896  B7.6 B3.B  B4.3  R2.8 A1.5 A6 79,1 78,2  77.3
._.._._._._____h.n .qu_mab_&“_“_gsd__‘__gﬁ‘_g___qz‘lv_“ _agAJ B81.2 A4,.0 AL. A /1.0 Al..1 Iﬂ'\ q IN . 4L_-—_ 78 L b i I
5.25 109.9 100.8 106.5 103.8 9A.7 95.0 97,2 89.9 A7,9 B6.1 R&,5 83,1 Al,A 31,6 79,6  TR5 77,5
AlBO 109, 4 10/ .8 1068.2 1NA. 5 98 .9 98,2 2.4 L+ Ta T a) ag.n Aho2 L5 A3L2 /1.9 a3.1 7o.§. ‘Hz.r. 11.:.
6275 10920 108.2 105.9 103+5 Q3.1  85.4 97,5 90.1 B88.1 k.3 84,7 83,3  B2.0  A1.8 79.T 78,7 77,7
0228 10646 103033 sb— 95,5 .. 920b.— 9002 — BB2— Bbute BloyArsBIe e BiBed— ADG TR A — AR 27,8
7.25 108.2 107.5 105.4 103.1 93.6 95,7 97.7 90.4 BB.3  R6.5 44,8 835 B2.2 Al.0 79.9 78,3 77,3
T loi,_g_ﬂimignz‘ﬂ__Loj.g 95,9 Q2.9 0.5 —_88B.4 8646 as5.0 Bl.6 A2.3 Al.1 A%, 13,3 78,3
A N . .9 102.7 10%.2  9&.1 93.0 90. A, bs . -
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8425 L06a7 A0Be0 L04e& 102.2 97,9  96.5 93.3 40,8 8A.7 A6.9 85.3 AR1.9 B2.6 Al.4 40,7 73,2 IR,
!|+1_Lﬂz‘ﬂ_.__.¢]§.s_,,__9b_.,_?_gj‘_4_gu_,9 ans_H Al.0. A5 .54 R4 0 B2.5 Rt L 80,1 13,13 Tﬂ'l
8.75 105.9 105.3 103.8 10L.8 99.6 96,7 93.6 91.0 8A8.9 Al.1 A5.5 RBe.0 A2,7  AL,5 R04 73,6 78
9.00 105.9 104.9 1036 101,56 L+ T I S7.5 03.8 91.1 AG.0 8742 A8.5 l‘\ﬁ. 1 R?‘H RI'A un‘n T‘.I.A :q.: '
§.25 10541 104.6 103.3 10L.4  99.3  ©7.3  93.9  91.3 A%.1 A1.3 A5.6 . A4.2 B2.9 Al,T R0N.5 19,5 7A,.5
L] 103.1 101 .1 93.1 Q.2 94,1 9l.4% 9.2 Rl.4 As.1 AL R" [+] Q“T qq'!\ 73.‘- TR.'x
9075 L04a5 104aD 102.8 -100.9 Q3.0  97.L 94,3  91.5 83,3, AT.4 B5.8  R4.3  83.0 Al1.A AT 79.6 78,7
200 106.2 103.7 102.,5 . 100.7 SR8, 2T.0 __ 94.4 91.7 A9.4 nt.5 85.9 Hb o b 8131 [: 3L} ROLA 19, ¢ 13.%
10.25 103.9 103.4 102.2 100.5 98,6 96,9 952 91.8 B9.5 A7.6 BR&.0  A4.5 A3.2  R1.9 A0,R  139.8 _ 79.3
10.80_ 103.6 103.2 101.5_ 100.3  9R.5. 96.7 _95.1 Q1.9 _B9.6_ BY.7_ .  RK.0_ Ab.b._ A3.2__82.n _an.s 73,8 7M.3
10.75 103.2 102.8 10l.6 100.0 9B.3  96.6  95.0  82.1 A9.7 A7.8  A6.1 A4.6 83,1  A7,1 81,3 79.4 .79,2
3 i 9&,.5 Q94,9 Q2.2 A9.8 71,9 AfXL 7 R, T Rl.4 ax.1 : : ] :
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12 e toloo lo0o7 'oo'n  anik  ar7.l  95.7  o4.1 030 o0.a  g8.6  Beiz  Be  pan  Ase  Bie  ata  raca
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16.50 96.9 qg:? —ab 20T -2hal. 33.1 22.4 Led 9045 A9.5 AR5 Aba 4 L] 3.4 82,2 a1 3.1
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Dist. From
Start of T/0

Roll gMﬂes)

TABLE 14p.

TAKEOFF EPNL GRID VALUE SET B4

CURRENT FOUR ENGINE AIRCRAFT

SIOELINE DISTANCE (MITES )

0 174 142 /4 1 L 1/4 1 172 2 374 2 2 M4 2 M2 2 3/4 RO T 7 2 L I N W2 6
2,00 134,% 104.,9 _ST.4 93,4 9,5 _AT,h 85,3 Blad.__Gl.6 800 _ZALT _IT.6. 2603 T6.3 24,3 PG 73
2.25 137.4 107.7 100.0 95.8 92.4 89.3  Rh.B  A4,7 A2.,9 Al.3 79,9 7R.6  T7.65  Th.h T4 Thh 7,4
2250 132,33 109,41 _101.4 _ 97.0 93,4 _..90,3. 8.7  A5.6 Blaf . 2.1 A0.6 19,3 78.1 17,0 Te.n 8.1 T4.2
2475 128,0 110,80 102,2 97.7 9%.1 90,9 A3 Ae.l  B4,3  AR2.6  Al.l T9.,A  TA6  TF.5  ThL  T5.5 74,4
3,00 126,8 11046 102.9 98.3_ 94,7 _ 1.6 AR.B___ Rh.h_. 94,7 A3.0 . Bl.S.89.2 78,9 _Z7.8 TA.A ..25.3. 74,2
3.25 122.6 111.2 103.4 98.8 95,1 8l.A  A%.2 Bb.7  A5.0 A3.3 Al.H  BI.% 79?2 TR.,1 77,0 Tha) 75.2
3,50 120,88 111.8 103.9 95,2 95.5 92,2 A9.5 AT.2 AS.3 A3.4 A2.1 ;B I J 79.5 ¥8.,3 17.13 Th.3 A
3.75 119.4 112.6 104.3 99.5 95.8 92,5 A9.8 A7.5 AS.6 A3,9 R2,3  A1.0  79.7T TR.A  TT.5  T&.R 75,4
e 0011841 113.2 104,77 __99.8.__ 95,1 __92.7....90.0 __AT.8.. 85.8__ B4.l 2.6 Al.2.. . 79,8 79.8 7% . 18.7 . 15.4
4+25 117.0 112.9 105.1 100.1 95,3 93,0 90,3 8.0  BA.0 R4.3  A2.B Al.4 ADLD] TILOD 77,3 TR TA,D
e %,50 1361 112.6.__105.5._ 1004 95%.5__93.2__ 90.5__ AB.2 _ 8A.2. Bh.S5___B3.0. Al.A . BO.A__.73.1._78.1 12,1 T4
4.75 115.4 L12.3 106.9 180.6 95.8  93.4 90.7 BR.,4 Rh.e  B4.7 01 At.7 N2,5  T1.3  14.72  T7.7 7400
R0 114.7 112.0 _108.% 100..9 Q1.2 93,4 90.9 AfLb LT Aiall 83.3 Rt .9 A% A I%9. 4 TB.% 17.4 T5.4%
5.25 L114.0 111.6 10&.9 101.1 97.1 93,4 91,0 AR.7 R4,T AS.0  RI.46  A2.0 A T3.6  TRG5 TT.R 74,4
e G480 113,4__ 111.3_. 108.0...100.4 97,3 __ 93,9 9l.2. . AB.9. B&.8 . _AS.L_ . Bl.h_.82.2 _B0.8 . 737 —T8.6. FT.6 74,1
5,75 112.9 1ll.0 107.9 101.6 97.%5 94.1 91.3 d9,0 A7.0 A5.3 RI, 7T A2.3  A”1,) 7.8 M,A 7.7 7,4
6a00__1lZad 007107 7 l0la9 87,7 9.2  _9l.5._.89.2 __B7.2. 85,4 R3.B  A2.4__Al.l.. 83,3 IR 3. TI.3 _Th.2
6.25 111.9 110.4 107.5 102.2 97.8 94.6  9l.6 A%.3 A7.3 AS5.5 A4.0  RZ.A Al,3 A3.1 79,0 TALY TT.n
fa50 111.5 110.1 1In7.4 102.5% 9.0 Q4.5 Q1.8 A9.4 Al AS. T Bh.l R2. 7 __.81,4 3a .2 I9.1 Ja,.d 11,1
.75 1llel 109.7 107.2 102.8 98.1 94,7 91,9 A9,5 HT.5 AG.A  R4.2  A2.,A  AL.5 A1.3  TR,2 78,2 77,72
1200 11D.7. _109.4..107.0. 103,01 98,3 . 94,A__ 92,0 _ 89,7 A7,7.. A5.9 B4 3 __A2.98. _ 81,6 A2.4_379.3 18,3 771
7«25 110.3 109.1 106.8 103.9 98.5 84,9 92,1 BR.6 AT.A  RA.O  A4G.G 93,0 AL, 7T AI.8 79,4 TA.4 TT.S
e 28010969, 1088, 106,85 1038 _ 98,7 _ 95.0. 92,2 ___H9.9....97.9__ Ah,.l 84,5 R3.1_ Bl.8...8).6 79,5 74,5 77,5
7.75 109.5 108.5 106.3 103.7 9.8 9%.2 92,3 90,0 BRAD  Rs.2 As.A  A3I.2  AL.9 RI.T TI.A 0 TA.S T4
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8,25 108.8 08,0 105.,8 103.4 99.3 96,4 92,6 90,2 4A8.1 Akhe# B4.B  AI.3  BZ.0 HI.A TR, T TA.7 17,4
v BaB0._10BaS__07.7. _105.4 10342 . 9345 98,00 92,7 . 90,3 . ABR.2.  _AA.5 ___B4.9. . B3.6 82,1 ..A3.9 _¥9.0 73,9 _77.8
8.75 108.2 107.4 105.3 103.1 93.6 95.7 92,8 90.4 RA.I3  Ak.5 B4,  BI.5  R2,2 Bt.n  79.%  TI.I 7.9
e 0.00__107.9  107.2  )0S.1 102.9_ 10,4 95.9 . 92.9 90,5 __ BA,4. B&.6___RS.O_ RiL6..A2.3__ Al.) ..dn.n. 73,95 . 74.0
9.25 107.6 (06,9 104,9 102.7 100.3 96,0 92,0 90.6 AR5 AH.7 A% AY.T7 A?.6 91,2 A0, 79,0 7R,
9,50 107.3 08,5 104,7 102.% 101.1 96,2 . 93,1 Y0.h . AR.f ARaB_ _BS.2 _A3.7 _RI. A 31.D2 _ n0,1 19,1 79,
9,75 107.0 106.2 104.5 102.4 10).0 9b.4 93,2 90,7 AA.7 A&.9 BG6,3 B3ILA  RA2,5 81.3 AD.2 13,2 TR,?
e 10400 _106af _105,%. 104,23 102a2 99,9 .. 0.5 9343 90,8 BRLT__ _HA.9 85,3 BI.9 R2.h . Al.t an.3 132 79,13
10,25 106.3 105.6 104.1 102.0 99,8 94.7T 93,4 90,9 AA,A AT7.D AR.& R&.0 R2.6 Rl.6 AJ.T 79,3 7R,
1050 _105.9 _105,3  103.9 _101.8 L1 I T | T S ¥ Y 91,0 . A8.9  87.1 AS.5__ A4.0 B2.7 1.5 N4 13.4 R.4
10.75 105.&6 105.0 103,7 10l.6 99,5 91.5 93.7 89l.1 89.0 A7.2 AR5  f6,} B2.8  Al1.& AN,E 79,4 TA.
11,00 10523 104,8_ 1034 _10)la5 9344 97,4 __ 93,9 91,2 89,1 BY7,2 _AG.6 B6,2 A28 Al.A  AN,5 71,5 74,5
11.25 1D05.0 104.5 103,2:101.3 99,2 97,3 94,0 91.3 A9,1 87,3 AR,7 R4.2 A2.9 Al.7 AN,4 73,5 TA.5
11450 104, T __104,3__103,0 101,11 _ 93.1 _9F7.2 94,1 91.4 B9.2 BTa4_ 85,7 4.3 A3.0 A]1.4 Q0.4 13,4 ALY
11.7% 104.5 104.0 102.8 100,9 93.0 97.1 94,3 91,5 49,3 AT.4 RG.A He.3 A3.0 H1.A AO,7  79.A 74,7
1200 _ 10442 103.8__102.5 __100.7 9848 974 Fa.4 9.6 B4 B7l.5__ 05.9_ R%.6 A3.1L Rl.o .ap.7 3.7 1a.?
12.25 104.0 103.5 102.3 1DD.5 9R.T 94,9 94.3 9l.8 A9.5 A7,6 A5,9 A4,5 A3, 1  R”R1.3 AN,A TR 74,8
3,3__102.1 100454 98,6 _ 94,4 _ 98,1 91,9 88,6 BT, 7 _ RA,0_ _B4.5  A3,2 A0 __AA,3 _?9.®  Fu.n
12475 103.5 103.1 101.8 100.2 98.4 94,7 95.1 82,0 R%,7 AT,7 AR A%.6 RI.F R”R2.0 AD,3 73,2 Tu.9
13200 _103,2__103.8__10l.%6__100.0 94,3 Q4eh__ 95,0 92,1 89,8 _B1.8_ Bl B4,f _ B3.3 ___R2.1 q1.0 719,19 78,9
12.25 102.9 102.5 10l.4 99.8 93.] %6.5 94,9 92,2 A9,A AT,9 AA.?2 A4.T R34 AZ.1  RAl,A R, 79,0
ol3e80_102.7_ 102,2 10142, 996 . 99,0 _ 9646.. 9448 923 09,9, BH.0 . B&a3. . .B%.8 __ B3.G. ...52.2..-41.1 . 83,0 79.1
13.75 102.4 102.0 100.9 99.5 7.9 94.3 94,7 2.4 90,0 BR.0 A6.3  A4.A RIS A2.7 AL, 81,1 79,1
1%.00 102,1 101,7 Q0,7 99,3 97,7 96,2 Q4.4 93,2 Nn,? RA, L BH.6 94,9 81,5 _R2.3 81,2  A1.}) 79.]
14,25 101.8 101.5 100.5 99,1 97.&8 96.1 94,6 93.%f 90.3 HRH.2 R&4.5 8B4.9 A3, AZ.3 Aa],2 B, 70,7
_14:50__ 1016 __1Ql.2 _[00,3 98,9 97,5 95,9 ___94.5% 3.1 9044 ... 08,3 _BAhS___AS.0___BAA_ B2.4 R).I R1.2 9.2
14,75 101.3 101.0 100.1 98.8 97.3 65,8 04,4 93.0 90.5 AA &  AhK  A5.1 3.7 R2.% 81,3 A1 79,1
_15400_100s1__100.7 99.9 98,4 972 95.+1 9443 92.9 906 . BAW5 __ Bh.T ___B%.1__ _A3.1 R2.5 Bluf A3.3 .. 79,13
15.25 100.8 100.5 99.6 9A.4 97,0 95.4 94,2 92,9 90,6 BA,5 RAT R5.2 AZ.A 87,5 .Al.4 A, 3 73,4
15.50 100.6 100.3 99,4 98.3 96,9 95.5 94.1 92,8 Q0.6 AB.A  BA  RAS,2 RI.LR 82,4  ARl.6 BI.4 0 79,4
A8 7510003 100,00 99,2 _ 98,1 __ 95,8 95.4_ 94,0 92,7 ... 91.5. . AB.T. . .86&.9. A5.3 _ B3.9._82.4 _81.5 .- A% 4 . 73,4
18.00 100.1 9.8 99.0 97.9 94.6 95,3 93,9 92,6 91,4 AA,A B7.0 RAR.4& 94,3 A2, 7 Al.% RA1.5  TO,S
L6e25 99,9 99,6 9,0 _97.8___95.5 95,2 93, A__ 092,46 9l.4 ___BR.G ___AZ.0___AS.h A4 82,7 Aap.h 83,8 29,5
16,50 99.6 99,4 9.7 97.6 95,4 95,0 93,8 92.5 91.3  K9.0  8T.1 AR5 Akl  82.A Al.A  RI.A  TO,5
16475 99,4 99,2 98,5 97,4 95,2 95.Q 93,7 Q2.4 91,2 RA9.1 ~87.2 AS. A 4.1 92,8 1.7 Ry 5 73.4
17.00 99.2 99.0 98.3 97.3 95,1 94,8 93,6 92,3 91.?7 B9 ! AT.3 HS.h R4.2? A2.9. Al,T AT TA,7
1725 ... 9920 98,8 ___ 98,1 __S1.1 95.0 94T _..93.5. __592.3 91,1 9.1 AFu4___ 8%.7 __An.2 92,9 _Al.B a4..7 0.2
17.50 98.8 98.5 97.9 97.0 95,8 94,4 93,4 92,2 91.0 R9,9 A7,5 AR.B R4,1  RAY,N  Al.4 RAI.T TO,T
Mla?5. . 9eb 9803 . 9TeT ___F6eB 9547 _ 94,5 _. 9343 __92.) __91.0___89.9___BT.5.__RS.8  A4.3__83.0. 81,0 _ 83,4 15,0
18.00 98,4 98,2 97.5 96.6 95.6 94,4 93,2 92,0 90.92 H9,% AT.6 R5.9 A4.4 83,1 ®”[,0 83,8 79,4
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TABLE I5]
—— ~  APPROACH EPNLGRID VALUE SET 4 ——
3 J x
pivancs From CURRENT FOUR ENGINE AIRCRAFT
Landing Threshold
{Mileg) P STIFIANE DITTARCE (MILES
0 1/4 1/2 3/4 LA 16 ) 142 2 314 2> 154 > 1/2 2 374 3 Lis 3 1£2..3 3/ X
g.gg {g;n 96,3 A3.8 78,3  Tl.4  BA,7 615 B0, A 5,6  SA,3 . S6.6 52,7 A1l 2.4 ef.l.. se.n 4
_,mz'ﬁo_le‘zl_ 98,0 H5e7  T7a2  T2+2 68.3  65.1 42.3 58,9 57,7 55.8 54,0 S2.6 53.9 43,4 &R e
—Eh D s L od o B8 dn B3 B LU B3 4 shoahaeodnoun
. . . 6.
_"_‘3’_%2_’11}%‘:‘3’ tg%‘s 88,9 HO.4 75 'L_T.ll.i ore bt bl sae S ean Y e alh i awr,
. . . 23 713 KA. . .
g.gg {.{.‘3’-3 ig:.?f 32‘; :?.3 w7 __71.8 L 22 ll; _::5.? 22.: 2:-: :s‘.: 22‘? 22.: :3’: 23': ::.:
. . . . v 1.2 T2.2 64,
B0 T O O O S e 0 O S S
. . . . L2 T7.0  12.9 . . T
_‘"__2‘572 mg.g :gg"’ 91,80 82,5 __ 17,3 __73.3 Zg.g 2?'1 g:i 232 :22 '5*:!' 2?‘.'5‘ 2’;3 23: 22.2 i
- . B 9]l +4 H2,9 TT .6 73,6 . 2oa STre
5200 109.0 103.3 91,7 a3, 2 11.9 7: Q ;B’jz g;.: ::'? :g'ﬁ ﬁg.b H 2703 2270 SA.LI il A
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APPENDIX E

SELECTION OF APPROPRIATE TAKEOFF NOISE CONTOURS

ON THE BASIS O RANGE

This Appendix provides an alternate method by which appropriate EPNL con-
tours can be selected on the basis of a forecast of operating ranges of an alrcraft

" rather than groas takeoff weights. If a forecast of gross talcoff weight Informa-

tion is available, the procedure given In Appendix C is preferable.

All range informaticon in this Appendix is given in terms of equivalent still air
distances. The presence of headwinds or tallwinds between any two city pairs
must be conaldered. Additionally, alrcraft do not always refuel at every stop on
any particular route. In such cases, it would be more accurate to consider the
range to the next fuel stop rather than the range to the next astop. A distance of
100 miles should be added for ench intermediate stop to account for the additional
fusl requirements associated with the takeoff and landing operation at the inter-
mediate stopas.

While there are many combinations of engines and payload capabilities within
the category of four engine commercial jet transports, the perceived noise levels
for any given range fall rather neatly into two classes. The first class includes
all those alreraft powered by turbojet engines and all those which are designed
primar{ly for domestic operations, The second class includes the intercontinental
turbofan-powered aireraft.

Figure 1F shows EPNIL relative to the level occurring during takeoff at maxi-
mum gross weight and at a distance of 20,000 feet from brake release as & function

of range for the various four engine jets, These curves of relative EPNL are based

on the data in Appendices B and C. With the exception of the aireraft powered by
the RCo 12 engine and by the JT3D-3B engine with long fan discharge ducta, all
aireraft fall into one of the two classes with very little scatter. It is not antici-
pated that either of these aircraft will account for a sufficient amount of traffic to
merit specirl evaluationa,

The curves in Figure 1E are based on a full complement of passengers and their
baggage, fuel for long range cruigse operations und normal fuel reserves, There
will be variations from these curves for different aircraft operators as o result of
differing interior configurations, fuel reserves and operating policies, These
factors will not have a major influence on noise levels,




There are two factors which should be considered in this part of the analysis.
These are the addition of cargo on passenger alrplanes and all cargo operations.
In the case of passenger aircrait, if it is anticipated that both a full pngsenger
load and maximum cargo capacity is utilized, a correction factor Is required.
This correction factor may be conveniently included by adding up to 500 miles to
the flight range, depending on the degree of londing, Because there is generally
a difference of no more than 2 EPNAB units with a 500 mile range increase, this
correction technique should not introduce any appreciable loss in accuracy.

In the case of all cargo operations, payload accounts for & much higher per-
centage of gross takeoff weight and the selection of an appropriate noise contour
get by range becomes more difficult. A current four engine jet transport in an
all-cargo operation will reach maximum gross takeoff welght at a range of only
2,000 to 3,000 miles with a capacity load, If gross weight data are not avallable,
an appropriate correction for an all-cargo operation can be estimated by increas-
ing the actual range by 1, 000 miles and using Flgure 1E,

Figure 2E combines the data from Figure 1E Into two classes of aircraft and
adds a step function indicating the noise contours to be used for a given range.
The contour designations refer to those noise contours given in Appendix D for
four engine jet transports. Table 1E tabulates the information from TFlgure 2E
and can be used to select the appropriate noise contour for any operation.

In the ease of alreraft powered by the JT3C-7 engine, noise as a function of
range can be approximated by using contour set C4 for ranges up to 500 miles,
contour set D4 for ranges from 500 to 1, 000 miles and contour set E4 for ranges
above 1,000 miles.

Information similar to that for four engine jet aircraft has been developed for
two and three engine jet aircraft. TFigure 3E shows the relative EPNL's at a dis-
tance of 20, 000 feet from brake release as a function of range for two and for
three engine jet transports. These data are also for a 100 percent passenger
loading with baggage. The primary reason for the spread within each category is
the difference in weight between standard and extended fuselage lengtha, This ef-
fect was Included [n the four engine data but was overshadowed by the differences
in engines. Because the differences are not large a mean line has been drawn for
each category to represent the alrcraft in that category. This mean line was used
to develop the nofse contour set selection data in Table 2E. The noise contour
sets listed In Tahle 2E refer to the appropriate contours of Appendix D for two and
three engine jet aircraft,

Two englne jet passenger aireraft earrying extra cargo may be accounted for by
adding 300 miles to the range. TFor all-cargo operations maximum range should be
ugsed. Inthe case of three engine jet aircraft these corrections would be about 400
miles for passenger aireraft and maximum range for all-cargo airerait.

E-2




-
i
—d

RELATIVE EFYECTIVE

PERCEIVED NOISE LEVEL (EPWGB)

CURRENT FOUR ENGINE JET TRANSPORT AIRCRAFT
REIATIVE EFFECTTVE PERCEIVED NOISE LEVEL 20,000 FEET FROM
BRAKE RELEASE VERSUS RANGE
100% PASSENGERS AND BAGCAGE LOADING

LONG RANGE CRUISE

1]
w

L]
-
o

}

-15 } -
1000 2000 3000 4000 5000

RANGE (NAUTICAL MILES)

L=

FIGURE 1E




CURRENT FOUR ENGINE JET TRANSPORT ATRCRAFT
APFROPRIATE NOISE LEVEL CONTOUR SET AS A
FUNCTION OF RANOE
100% PASSENGERS AND BAGGAGE LOADING
LONG RANGE CRUTSE

B

RELATIVE EFFreCTIVE

PERCEIVED KOISE LEVEL {(EFMAB)

TURBOJETS
AND DOMEST
TURBOFANS

RANGE (NAUTICAL MILES)

2000 3000

FIQURE 2E

T3

T
H




3

*

I

e

AR Ta gt

S ]

IS

RELATIVE EFFECTIVE

PERCEIVED NOISE LEVEL (EPWdB)

CURRENT TWO AND THREE ENGINE JET TRANSEORT ATRCRAFT
REIATIVE EFFECTIVE PERCEIVED NOISE LEVEL 20,000 FEET FROM
BRAKE RELEASE VERSUS RANGE
100% PASSENGERS AND BAGGAGE LCADING

LONG RANGE CRUISE

=5

L i fd';.f;_‘r'... e M
=T W et

IR ﬁr"fﬁ"f-“'ar
-10

-15 . :
0 500 1000 1500 2000

RANGE (NAUTICAL MILES)

FIGURE 3E




TABLE IE

CURRENT FOUR ENGINE JET TRANSIORT AIRCRAFT

APPROPRIATE NOISE CONTOUR SET AS A FUNCTION OF RANGE

STILL AIR RANGE

(NAUTICAL MILES) 0-1500 1500~2500 | 2500-3500 | 3500-4500 [ABOVE 4500

TYPE I AIRCRAFT
ALL TURBOJETS B C D E E
AND DOMESTIC TURBOFANS

9-d-

TYPE II AIRCRAFT
ALL INTERCONTINENTAL A B c D E
TURBOFAN AIRCRATT

NOTE: APPLICABLE TO PASSENGER AIRCRAFT OPERATIONS ONLY - TO ACCOUNT FOR
ADDITIONAL CARGQ LOADING ON PASSENGER AIRCRAFT ADD UP TO 500 MILES
TO RANGE
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CURRENT TWO AND THREE ENGINE JET TRANSPORT AIRCRATFT

APPROPRIATE NOISE CONTOUR SET AS A FUNCTION OF RANGE

STILL AIR RANGE
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APPENDIX F

COMPUTER PROGRAM

The method outlined for calculating NEF's does not require the use of a com-
puter. EPNL grids are included for each alrcraft type and profile to facilitate
hand computations. Also profile contours are plotted for "quick look" consider-
ations.

For large airports and complete computations of small sirports the computer
program described in this section should be used because of the large amount of
computations invelved.

The input sheet (Flgure 1F) and flow diagram (Figure 2T) are sufficient to
allow use of the program for complete NEF computations about any airport.
The discussion which follows develops the problem and describes the computer
solution in & manner required by an analyst to update, change, or utilize parts
of the program in a different way.

The problem can best be assimilated by thoughtful contemplation of Figuvre
3F, Here the analyst can imagine being a resident at a point on a "glant grid"
within 8 miles of the center of the airport.

The annoyance from noise that the resident is subjected to depends on ques-
tions such as; how far ia the resident from the runways?; how busy are the
runways?; what is the flight profile?; what is the engine configuration?, ete.
Answers to these questions form the input to the computer program.

However annoyed the resident is, one can imagine another point on the grid
that is just a8 bad. In fact one could reside at an infinite number of such points
all around the airport, This continuous series of points defines a contour of
conatant annoyance. Coordinates of three such annoyance contours form the
answer to the problem and are the output from the computer program.

To further assimilate the problem imagine that a constant annoyance contour
of "15 NEF" were required. Where does this curve lie? In fact what reference
line do we have from which to describe this contour? If the community noise
were caused by flights along a single flight path the contour couid be described
as a constant distance from the flight path, Any observer at that distance from
the path would be annoyed "15 NEF"., The distance would be a function of the
plane type. But what if there were several different types? Although the "5




NEF!" contour would still be at a constant distance from the flight path and form
an ellipse on the ground below the flight path, the required distance from the
path {a comhbination of two or more noise characteristics) would be complicated
to obtain,

The method of combining noise from two or more different sirplane types i8
defined in terms of a single observer, not in terms of the effect on a constant
annoyance contour, Even for a single flight path, then, if more than one air-~
craft type is predent the procedure muat be to find the annoyance at a finite
number of points on the ground and interpolate for constant annoyance contours.
The program finds the total annoyance at each 1/4 mile grid point, considering
all paths, and interpolates at G, 15 and 25 NEF to find coordinates of constant

NEF.

The discusaion and pictures have been aimed at leading the analyat through
the firat thoughts of contour prediction, The direct approach from contour re-
quired, to contour coordinated was bypassed in this program for the better
defined approach which gets there by way of noise computations at grid points.

The program finds the annoyance at 2 grid point by finding the noise for a
single flight path, adding the energy from another path, and so on until all
paths about the airport have been congidered. To find the noise from a single
path the program finds the distance to the path and uses the appropriate noise
versus digtance curve. It adds energy from 21! planes of this type on the path.
It uses another noise curve for anather plane type on the path, eate,

The question to be ansawered 18: what is the ""distance" to the path, See
Figure 3F,

The answer is that the distance to a path from an observer is the minimum
distance to the path, If the distances from the observer to points on the path
have two minimums then assume the plane has passed by the observer twice
and use noise contributions from both minimums,

With the above digscussion, the flow diagram, input forms and the source
program comments, an analyst can adapt the program to hig needs. If further
information is required the original programmer can be reached through SAE
Headquarters by reference to this report,
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The program was compiled and run on a Unlvae 1108, A single airport of the
size and flight complexity of Kennedy International takes approximately 1-1/2
minutes per path on an Univac 1108.*

The program outputs coordinates without sequence on punch cards, These
coordinates are normalized to plot on a Benson-Lehrnar Electro-Plotter mod I.
Since there is only one plot per airport the plotting can be done by hand without
great loss of efficlency, The fact that the coordinates are not sequenced makes
connecting the plotted coordinates impractical with 8 machine. The connection
18 done by hand with the aid of a second display of grid noise characteristics.

A magnetic tape of the EPNL lavels is written for each path in order to
facilitate the changing of inputs for indivudual paths if desired.

*TFor future requirements the program is belng re-evaluated to determine
reduction in running time possibilitiea.
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COMMUNITY NEF PREDICTION

1 9 16|17 24 (25 32|33 40 | 41 48 |49 56| 57 G465 72173 80
Runway Dispersion Prediction Dale of
Caxd # Alrport T.0. Approach Numbear Period Run
1.
Runway Runway North East Number of Lasl Case | Laat Alrport
Length Azimuth Coord. Coord. Segments =1, =],
2. L
Curve Curve Curve
Straight Radius Angle Straight Radius Angle Straight Radius | Angle
Length Length Lengih
3.
4 Engine 3 Engine 2 Engine
Profile No. of No, of No. of No, of No. of No. of
Day Flights | Night Flights | Day Flights | Night Flights | Day Flights | Night Flights
4. A
B. ‘B
G. c
7. b
8. E
9. L

Ground profile geometry for both takeoff and appronch are referenced to the start of takeoff roll. (i.e. think of an approach as &
reverse takeoff in supplying flight path data), Number of flights may contaln a fractional part of a flight since it represents an
average. All numbers must have decimal poinisg.
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COMMUNITY NEF PROGRAM

( Begin )

Read nolse
eurves and
extra ground
attenuation
all types

y

Set up
vertical
geometry

Read and
print titles
for first

flight path

(20A4)

Read runway
orientation

The noise curves for 3 airplane types are read in as

data, These data are supplied to the user with the pro-

gram. The routine to evaluate points in this curve
is explained near routine "unbar'.

The vertical geometry (DSTOR va, altitude profile)
is required for a standard § profile take-off and a
single approach, This geometry is not read in but
is get by the program.

.

This title defines the runway, prediction period, ete.
For dispersions about a runway use a numbering
system within each runway title -- i,e, 14L-1,
14L-2 etc,

Read runway orientatlion. Runway length ig used
to compute {ouchdown point relative to the start of
takeoff roll, Each [light path is orlented in this
way, making an approach path a ''reverse takeoff",
All paths begin at zero altitude including approach
paths,
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Read Path
description

Subroutine
path

Subroutine
vertical
path

Read number
of planes

Add the
energy from
day and
night

The paths nre made up of alternating stralght and
circular segments, Give the length of the straight
segments, the radius and angle of turns. The last
segment is added hy the program as a straight por-
tion from the end of the users last segment to 30
miles, The path is used only 20 miles, howaver,
50 describing an accurate path to 20 miles will suf-

fiee from the users standpoint.

This routine computes the x, y coordinates along the
flight at 1/4 mile points along the path,

Computes the altitude of the plane at each 1/4 mile

point along the path, This is done for 6 takeoff pro-
files and one approach,

This i8 the number of planes using each profile, day
and night, 4, 3 and 2 engine planes,

FIGURE 2T
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Do 11 for
all observers
{Grid points)

Do 11 for
each profile

Distance
Stbroutine
Minimum
distance

Do 11 for
one or two
shore
distances

all upbar

The distance subroutine evaluates, from a single
observer, distances to 80 equnlly apaced points on
the path.

This routine is used to find the one or two distances
to the path that are shortest, These distances will
usually be perpendicular to the path, but may be
otherwise in turn or for specific observers behind
the path.

Two short distances indicate that the path passes by
the observer twice. Energy from both pansses must
be combined. ‘

This routine evaluates the noise level curves at the
given shortest distance, The routine is a quadratic

F-7 FIGURE 2F
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Cell unbar

Function
GNDATN

Add nolse
ftom this
praflle,

HO,

path

fit uging 3 points near the shortest distance. Unbar
stands {or univariate, hivariate.

This time for extra ground attenuation at zero
degrees angle from observer. The x value g given
the shortest distance.

This function computes total ground attenuation at
the actual angle from observer, The function uses
data from the previous step.

This is a logarithmic addition to update the grid for
this path and the total grid for all paths.,

When all grid pointa have been updated for this path print out a display of
the area affected by this path, and return to read another path description.

When all pathe have been read print the display of the total community,
the coordinates of equal NEF and the plot cards for machine plot.
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APPENDIX G
EXAMPLE OF PROCEDURE FOR CALCULATION OF

NOISE EXPOSURE FORECASTS

NEF valuea for current jet transports for any airport can be caloulated either
manuglly or through the use of a computer. An example of 2 manual calculation
la described below. The computer program described in Appendix F represents
the same procedure.

Am an example, a relatively small airpert was considered (see Table 1G) with a
total daily movement of 320 aircraft consisting of two and three engine jet aircraft.
The omiesion of larger four engine jet aircraft in this example does not affect the
basic procedure but simplifiea the calculations. The number of daytime takeoff
flights categorized under contour sets 4, B, C, D and Approach were tabulated
in column (3) of Table 1G, and similarly, the number of nighttime flights in
column (4). Both for aireraft type and contour set, the correction for the number
of daytime flights for each category was found by taking 10 log M where M is the
appropriate number found in column (3) and tabulated in column (5). In slmilar
manner, the correction for the number of nighttime flights was found by ealculating
10 log M (where M Is the appropriate number found in column (4) and adding 10 dB
arithmetically to this, making the total nighttime correction 10 + 10 log M. This
reault is tabulated in column (6). To arrive at the total correction for a given alr-
eraft type and contour set, the appropriate daytime and nighttime correction
factors logarithmically were summed. In this case, the appropriate numbers from
columns (5) and (6) are summed and tabulated In column (7).

With the total correction factors tabulated above, it is now possible to apply
these to the reference EPNL grid values found in Appendix D.

For the example only a limited number of grid polnts was chosen since NET
values at other grid locations are caleulated in a similar manner. As shown in
Tables 2G, 3G and 4G, values of EPNL for two and three engine jet pircraft were
tabulated from the reference EPNL grid values from Appendix D for the various
contour sets at sideline distances + 3/4, + 1/4 and 0 miles, and at distances {rom
gtart of takeoff roll of 3, 4, and 5 miles, From Table 1G, the total corrections
found in column (7) were added arithmetically, in Tables 2G, 3G and 4G, to the
corresponding EPNL values for a given aireraft type and contour set.

The next step in the procedure is to add, logarithmically, all the corrected
EPNL values for a glven grid point for all aircraft types nnd for all contour sets.
For example, to find the total EPNL at a distance from start of takeoff roll of 3
miles and a sideline distance of 3/4 miles, the corrected EPNL values at these
coordinates for two engine jet aircraft contour sets A, B, C and Approach and the
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corrected values at the same coordinates for three engine jet aireraft contour sets
A, B, C and Approuach were added logarithmically to obtain 127.8. To obtain the
NEF grid values for the example airport, the arbitrary valus of 113 EPNAB* is
nlgebraically gubtracted from the cumulative EPNL value at each location on the
grid. In the mpecific case calculated above the factor 113 is subtracted from 127, 8
giving an NEF value of 14.8. When the factor 113 is subtracted from the value at
each grid lecation, the difference then becomes an NETF value. Similarly, NETF
values at other grid locations were calculated and are contained in Table 5G. Con-
tours of equal NEF values can be plotted by interpolating between NEF grid values
where necessary.

*(See Section 4.1)




TABLE 1G Tabulation of Aircraft Movements
at Example Alrport

AIRPORT
RUNWAY END: TAKEOFF
APPROACH
3 @ - (3) 4 (5) (6 M
Reference Number of Correction
Contour Flighta (M) Factar (dB) Total Correction-Logarithmic
Alrcraft Flight Daytime Nighttime Daytime Nighttime Sum of Columns
Type Profile 0700-2200 2200-0700 10 log M 10+ 10 log M (5) and (6)
o 4 Engine A
w B
C
D
E
Approach
3 Engine A 24 8 13.8 19.0 20.2
B 16 4 12.0 16.0 17.5
C 8 —— 9.0 —— 9,0
D - - ——— ———— ——
Approach 48 12 16.8 20.8 22.3
2 Engine A 24 8 13.8 19.0 20.1
B 40 8 16.0 19.0 20,8
C 16 4 12.0 16.0 17.5
Approach 80 20 19.0 23.0 24,5




TABLE 2G - SAMPLE NEF CALCULATION SHEET - 3 MILES

Distance from Side Profile Total Sum
Start of Takeoff Distance  Number of Total Corrected EPNL EPNL Values
Roll (Miles) {Miles) Engines Profile EPNIL Correction EPNL Sum for Alrport NET
3.00 3/4 2 A 100, 4 20.1 120.5
B 97.9 20.8 118.7 123.2
C 96. 2 17.5 113.7
Approach  75.5 24.5 100.0
126.5 13.5
3 A 102, 2 20.2 122.4
B 99,7 17.5 117.2
(o4 98.0 5.0 107.0 123.7
D 86.8 - 96.8
Approach 77.3 22.3 99.6
a 1/4 2 A 103.8 20.1 123.9
N B 105. 6 20.8 126.4  130.2
C 107.2 17.5 124.7
Approach  92.4 24.5 116.9
132.7 19.7
3 A 105.6 20,2 125.8 .
B 107.4 17.5 124.9
C 109.0 9,0 118.0 129.1
D 108.6 -— 108.6
Approach . 94,2 22.3 116.5
0 2 A 104.6 20.1 124.7
B 107.2 20.8 128.0 135.5
C 110. 6 17.5 128.1
Approach 108.5 24,5 133.0
138.2 25,2
3 A 106, 4 20,2 126.6
B 109, 0 17.5 126.5 134.6
C 112. 4 9.0 121.4
D 115.4 - 115.4

Approach 110, 3 22.3 132.6
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TABLE 3G - SAMPLE NEF CALCULATION SHEET - 4 MILES

Distance from Side Profile Total Sum
Start of Takeoff  Distance  Number of Total Corrected EPNL  EPNL Vulues
Roll (Miles) (Miles) Engines Profile EPNIL. Correction EPNL Sum for Airport NEF !
4. 00 3/4 2 A 9.0 20.1 118,1
B 100. 4 20.8 121. 2 123.9
C 98. 0 17.8 115.58
Approach  77.4 24.5 101. 9
126,8 13.8
3 A 100. 8 20.2 121. 0
B 102, 2 17.5 119.7 {
c 99.8 9.0 108.8 123.6 ;
D 98.5 - 98.5 ;
Approach  79.2 22.3 i01.5 i
@ 1/4 2 A 101.6 20.1 121.7 i
i B 103.8 20.8 124.6  128.5 [
C 105.5 17.5 123. 0 i
Approach 94,2 24.5 118. 7 |
131.0 18,0 ‘
3 A 103.4 20.2 123.6
B 105.6 17.5 123.1
C 107. 3 9.0 116. 3 127.4
D 108, 4 - 108.4
Approach  96.0 22,3 118. 3
0 2 A 102.1 20.1 122.2
B 104.6 20,8 125.4 131.5
C 107.0 17.6 124.5
Approach 103.4 24.5 127.9
134.1 21.1
3 A 103.9 20,2 124.1
B 106. 4 17.5 123.9
C 108.8 9.0 117.8 130.86
D 111.8 - 111.8

Approach 105. 2 22.3 127.5
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TABLE 4G - SAMPLE NEF CALCULATION SHEET - 5 MILES

Distance from Side Profile Total Sum

Start of Takeoff  Distance  Number of Total Corrected EPNL  EPNL Values
Roll (Miles) (Miles) Engines Profile EPNL  Correction EPNL Sum for Airport NEF
5.00 3/4 2 A 97.1 20,1 117, 2
I 9.4 20,8 120.2 123.4
C 100.5 17.5 118.0
Approach 78,7 24,5 103.2
126, 0 13.0
3 A 98,9 20,2 " 119.1
B 101.2 17.5 118.7
C 102, 3 9.0 111, 3 122, 4
D 9.9 - 99,9
a Approach  80.5 22,8 102.8
& 1/4 2 A 100, 0 20,1 120.1
B 102, 1 20.8 122.9
C 104.2 17.5 121.7 127.3
Approach 85,1 24.5 119.6
129.8 16.8
3 A 101.8 20,2 122, 0
B 103, 9 17.5 121.2
C 106, 0 9.0 115.0 126.2
D 107.3 - 107. 3
Approach 96,9 22.3 119.2
0 2 A 100.2 20,1 120. 3
B 102,6 20.8 123.4
C 105, 1 17.5 122, 6 129, 0
Approach  100.0 24.5 124.5
131.5 18,5
5 A 102.0 20.2 122, 2
, B 104. 4 17.5 121.9
C 106.9 9.0 115.9 128.0
D 108.6 - 108.6
Approach 101.8 22,3 124.1
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TABLE 56
NEF GRID YALUES FOR MASTER GRID OF EXAMPLE AIRPORT
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APPENDIX H

ErFTECT OF NUMBER OF FLIGHT OPERATIONS

Perhaps the beat-known and most comprehensive social survey in the field of
subjective reaction to alreraft noise was that conducted in England by A. C.
McKenne!l for the Wilson Committee (Reference 2), Other studies of thia nature
have been undertaken by several European countries in cooperation with the Office
of Economic Cooperation and Development (OECD), but definitive results have not
been published, The best summary of activity in a number of countries Is found in
‘the German report "Fluglarm' (Reference 3) publighed in Goettingen in May 1965,

A review and evaluation of the results obtained from the social surveys and
subjective tests cited above suggest that frequency of exposure to alreraft noise is
related to the amount of annoyance expressed by listeners, Investigators in
England and interpreters of the literature in Germany and the Netherlands have
concluded that the correction for repeated flyovera lies somewhere between 12
log M and 16 log M. Despite these conclusions, a careful review of the literature
reveala little substantial evidence to support a value within thig range as being any
more valid than that of 10 log M currently employed In Australia, France, and
Sweden as well as the United States,

" When we look at the raw data from which these values are derived, it is diffi~

" cult to see how a specific value, whether it be 13,3 log M as used in Germany, or
15 log M as employed in the Netherlands and Britain, can be supported without
additional evidence., The data reported In McKennell's 1863 Social Survey (the
primary baais for these corrections) are far from conclusive in demonstrating a
continuous relationship between number of exposures and annoyance. The realities
of the operational situation prevented obtaining consistent or contiguous groupings
of exposure frequencies to correlate with degree of annoyance and, as a result, the
relationship derlved [s far from clear-cut, Should future study confirm the con-
clusions drawn from this [nvestigation for other airports and other populations,
then serious consideration should be given to modifying the correction to be used.

This discussion does not imply that 10 log M or any other correction procedure
should be firmly established as the proper correction for repeated exposures at
this time. Rather, it polnts out that there remains considernble uncertainty con-
cerning the relationship between the amount of annoyahce experienced and the
number, or frequency, of exposures. Furthermore, it is a psychological truism
that frequency (rate of exposures) and not number of exposures should be con-
sidered as the critical influence on the subjective response to noise. Despite the
fact that number of exposures is normally related to a given period of time, either
for 24 hours or for some portion of a day, the relative frequencies resulting from
the caleulations are not alweys clear. One hundred flights a day, for n 24-hour
period, is obviously a different rate or frequency than 100 flights & day when re-
ferred to a day consisting of the period from 0700 to 2200, Furthermore, the
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distribution of frequency for relatively short time periods is not accommodated by
such calculations, It is logical (again psychologically) that doubling 100 flights
evenly distributed over a given extended time period, whether it be 15 or 24 hours,
would not have the same Impact on a listener as the same number concentrated
heavily into one or more high traffic density periods during the same total time
span, Yet the number, or even rate, of exposures for the extended time period
might be reported a8 equal in describing these two situntions.

Since the subjective response to repeated exposures s influenced by two op-~
pogitely acting auditory processes, sensitization and adaptation, the effects of ex-
posure frequency are not simple to prediet. For [nstance, we might anticipate
that any apparently simple linear relationship between frequency and annoyance
would change when exposure rate increased to the point where separation between
exposure approaches the decay time of the auditory mechaniem. Nolse exposures
would then be essentially continuous. Sensitization and fatigue might be expected
to interact differently beyond this peint, and the relationships pointed out by
Kryter and Pearsons, 1963 (Reference 9), for duration effecta (L. e., 4.5 dB per
doubling) might be expected to apply.

Despite the excellent research that hag been performed, the results are not
sufficiently conclusive to establish any one nolse exposure correction procedure
clearly superior to any other over a wide range of numbers of flight operations.
Therefore, this report has chosen the procedure currently used in the United
States, Australin, France, and Sweden as being the simplest available and as
accurate as any, namely, 10 log M.

H=-2

by

-




M

PR

T

APPENDIX T

EFFECT OF TIME QOF DAY

The resuita of soclologicel surveys, and other studies, indicate that community
tolerance for aircraft noise is lower at night than it is during the day. This is not
surprising when we consider the differences ih human actlvity and general am-
bient noise level associated with these periods, A major portion of the community
18 committed to some form of work to which their personal comfort has already
been compromised during the daylight hours, and this we might expect them to
have greater tolerance for an extraneous intrusion so long as it does not interfers
with their accomplishments. HResearch has demonstrated that human performance
suffers little from noise exposure, unless auditory communications are e sighifi-
cant component of the performance being measured.

In the evening hours, man turns to more sedentary activities, frequently
designed for hig entertainment and pleasurg. Furthermore, these activities tend

"to have a high auditory content, e.g., listening to hi-fi or the radio, "watching"

TV or a motion picture, playing cards, visiting, etc, Whataver the primary cauase,

" his tolerance for noise ''on his own time" seems to be less than for those periods

when he 18 working.

Finelly, during the late evening through the early morning hours, we might
expect the threshold of annoyance to be lower because of the effects of nolse on the
community's sleep habits. It is difficult to assess whether man is annoyed more
by an inability to get to sleep or by belng awakened becausge of the nolse environ-
ment, but it is clear that interference with sleep is a critical determlinant of an-

noyance.

In addition to the direct influence of man's own activities on his apparent teler-
ance for noise, there is the effect of amhblent noise level. This too tends to vary
with the time of day. During daylight hours, most communities experience higher
ambient nolse levels associated with greater activity. At night things tend to
quiet down. ' As & result, less masking results from bacitground nolse, and any
individual noise sotirce stands out and becomes more cffensive,

Selection of Time Perlods - In order to establish realistic noise control eriteria,
researchers and administrators have attempted to select meaningful segments of
the 24-hour day on which to standardize acceptable noise lImitations. In the United
States and Britain, the 24-hour period is broken Into two segments, the pericds
2200 to 0700, and 2300 to 0700 respectively being classed as night. In Sweden and
Cermany, three periods have been selected which are classified as day, evening,
and night, Although the actual hours defining the periods differ, they represent
comparable segments of the 24-hour period.
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If we seriously consider the need for different nolse level limits related to the
time of day, It is reasonable to suggest that three rather than two periods mare
precisely define the different activity ambience conditions of concern. There are
little data, either experimental or experienial, available on which to base differ-
ential criteria for three rather than two periods, despite the apparent desirabllity
for selecting more than two. Therefore, this study uscs two time periods with
"night" ecenditions prevailing from 10 P. M. (2200) to 7 A, M. (0700).

Selection of Correction Factors - Although investigatora generally conclude that
community tolerance is probably lowest during the "'evening" hours, as suggested
above, the significance of these conclusions and the amount of threshold change
has not been established. Since the primary determinants for the differences in
responge perceived betwsen evening and night appear to be related in & complex
manner to the activities in which the exposed community is engaged and the general
ambient nolse level, considerably more data are required before we can justify
separate noise criteria for three periods of the day rather than two., Attempts have

. been made in some countries to apply weighting factors to various time periods.

For instance, in Germany factors 1, 2, and 4 for day, evening, and night are used,
while in Sweden factors 1, 3 and 10 are used, These efforts do not improve the
situation, but rather tend to complieate it.

In response to the widely accepted belief supported by some soelal surveys that
community tolerance for nolse is generally lower at "night, " we muat resort to the
best information we have available to éstablish a value (correction) for nighttime
exposure lavels, For this purpose, the demonstrated fact that ambient noise level
in selected communities tends to be approximately 10 PNdB lower at night, sug-
gests o reasonable and praetical correction value to normnl daytime tolerance
levels.
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